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PREFACE 


This document is Part 4 of thirteen parts of the official triennial compilation and publication of the adoptions, amendments 
and repeal of administrative regulations to California Code of Regulations, Title 24, also referred to as the California 
Building Standards Code. Part 4 is known as the California Mechanical Code and incorporates, by adoption, the 2021 edition 
of the Uniform Mechanical Code of the International Association of Plumbing and Mechanical Officials with the California 
amendments. 


The California Building Standards Code is published in its entirety every three years by order of the California legislature, 
with supplements published in intervening years. The California legislature delegated authority to various state agencies, 
boards, commissions and departments to create building regulations to implement the State’s statutes. These building 
regulations or standards, have the same force of law, and take effect 180 days after their publication unless otherwise 
stipulated. The California Building Standards Code applies to occupancies in the State of California as annotated. 


A city, county, or city and county may establish more restrictive building standards reasonably necessary because of local 
climatic, geological or topographical conditions. Findings of the local condition(s) and the adopted local building standard(s) 
must be filed with the California Building Standards Commission to become effective and may not be effective sooner than 
the effective date of this edition of the California Building Standards Code. Local building standards that were adopted and 
applicable to previous editions of the California Building Standards Code do not apply to this edition without appropriate 
adoption and the required filing. 


Should you find publication (e.g., typographical) errors or inconsistencies in this code or wish to offer comments toward 
improving its format, please address your comments to: 


California Building Standards Commission 
2525 Natomas Park Drive, Suite 130 
Sacramento, CA 95833-2936 
Phone: (916) 263-0916 
Web Page: www.dgs.ca.gov/bsc 
Email: cbsc@dgs.ca.gov 
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For questions on California state agency amendments, please refer to the contact list on page iv. 


California Code of Regulations Title 24 
California Agency Information Contact List 
The following state agencies may propose building standards for publication in Title 24. Request notice of such activity with each agency 
of interest. See Sections 1.2.0 through 1.14.0 of the California Building Code (Part 2 of Title 24) for more detailed information on the 


regulatory jurisdiction of each state agency. 


Board of State and Community Corrections 
WWW:DSCC. CO, COV catssctisc ii snencheee eee ere (916) 445-5073 


Local Adult and Juvenile 
Detention Facility Standards 


California Building Standards Commission 
WWW.dQS CA/SOV/USC ca:..scot ee emer sete (916) 263-0916 


State Buildings including UC and 

CSU Buildings, Parking Lot and Walkway 
Lighting, Green Building Standards 

for Non-residential Buildings 


California Energy Commission 
WWW. CNEL ZY.CA.ZOV ...scccceeee Energy Hotline (800) 772-3300 
Building Efficiency Standards 
Appliance Efficiency Standards 
Compliance Manual/Forms 


California State Lands Commission 
WWWSIC.CO. DOV Rec tics tent ena eee aes (562) 499-6312 


Marine Oil Terminals Standards 


California State Library 
WWW: LIDVOTD: CG.GOW ea cry iese ae aacse (916) 323-9843 


Department of Consumer Affairs: 


Acupuncture Board 
WWW. ACUPUNCTIULE.CA.ZOV o....seeccereceeseeeees (916) 515-5200 
Office Standards 

Board of Pharmacy 
WWW. DNALMACY.CQ.ZOV ....sccceeresersccessseeess (916) 518-3100 
Pharmacy Standards 

Bureau of Barbering and Cosmetology 

WWW. bDarbercOSMO.CA.ZOV ....s1cessecesreseens (800) 952-5210 
Barber and Beauty Shop, 
and College Standards 


Bureau of Household Goods and Services 
WWW: DOS. ACO.CA.ZOV 1... tatsec totes oe ssautbess (916) 999-2041 
Insulation Testing Standards 


Structural Pest Control Board 
WWW. PeStbOATA.CA.ZOV ......cesccssssssrsserscess (800) 737-8188 
Structural Standards 


Veterinary Medical Board 
WWW. VND. CG: DOV ian, ys tothe etenies ae (916) 515-5220 
Veterinary Hospital Standards 


Department of Food and Agriculture 
WWIR COlE: CO, COV c.ccinaktot ce eee te. (916) 900-5004 


Meat & Poultry Packing Plant Standards 


(916) 900-5008 
Rendering & Collection Center Standards, Dairy Standards 


Department of Housing and Community Development 
Wwwihed. Gagov MIs. Uae Ry Ee (800) 952-8356 


Residential - Hotels, Motels, Apartments, 
Single-Family Dwellings; and 
Permanent Structures in Mobilehome & 
Special Occupancy Parks 


(916) 445-3338 
Factory-Built Housing, Manufactured Housing & 
Commercial Modular 


Mobilehome - Permits & Inspections 
Northern Region - (916) 255-2501 
Southern Region - (951) 782-4420 


(800) 952-8356 
Employee Housing Standards 


Department of Public Health 
WWWidDikeG SOV sia: teeteiae bos: (916) 449-5661 


Organized Camps Standards 
Public Swimming Pools Standards 


Department of Water Resources 
WWW WULET CLL POV vor. vacsicustintemadiens te ideas: teeter: (916) 651-7025 


Recycled Water Building Standards 


Division of the State Architect 
MAL TS CD, TOVIASA 25. sveosovasnctnaccnevaieeermeentns (916) 445-8100 


Access Compliance 
Fire and Life Safety 
Structural Safety 
Public Schools Standards 
Essential Services Building Standards 
Community College Standards 


State Historical Building Safety Board 
WWW. AES. COP OV. 001.05. s.icsacsaautieeeeeneen (916) 445-8100 
Historical Rehabilitation, Preservation, 
Restoration or Relocation Standards 
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California Code of Regulations Title 24 


California Agency Information Contact List (continued) 


Office of Statewide Health Planning and Development 


AKA: California Department of Health Care Access and 
Information (HCAL 


WWMCALCA.QOV x eiyeindan MV. .oh. SHO (916) 440-8300 
Hospital Standards 
Skilled Nursing Facility Standards & 
Clinic Standards 

Office of the State Fire Marshal 
WWW OST, JIT ECO: ZOV. vas cosen Gee i sncagse can sfosas (916) 568-3800 
Code Development and Analysis 
Fire Safety Standards 
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How to Distinguish Between Model Code Language 
an 
California Amendments 


To distinguish between model code language and the incorporated California amendments, including exclusive California 
standards, California amendments will appear in italic font print. 


[BSC] This is an example of a state agency acronym used to identify an adoption or amendment by the agency. The acronyms 
will appear at California Amendments and in the Matrix Adoption Tables. Sections 1.2.0 through 1.14.0 in Chapter 1, Division 
1 of this code, explain the used acronyms, the application of state agency adoptions to building occupancies or building 
features, the enforcement agency as designated by state law (may be the state adopting agency or local building or fire 
Official), the authority in state law for the state agency to make the adoption, and the specific state law being implemented by 
the agency's adoption. The following acronyms are used in Title 24 to identify the state adopting agency making an adoption. 


Legend of Acronyms of Adopting State Agencies 


BSC California Building Standards Commission (see Section 1.2.0) 

BSC-CG California Building Standards Commission-CALGreen (see Section 1.2.3) 
BSCC Board of State and Community Corrections (see Section 1.3.0) 

SFM Office of the State Fire Marshal (see Section 1.11.0) 


HCD-1 Department of Housing and Community Development (see Section 1.8.2.1.1) 
HCD-2 Department of Housing and Community Development (see Section 1.8.2.1.3) 
HCD-1/AC Department of Housing and Community Development (see Section 1.8.2.1.2) 
DSA-AC Division of the State Architect-Access Compliance (see Section 1.9.1) 
DSA-SS Division of the State Architect-Structural Safety (see Section 1.9.2) 


DSA-SS/CC_ Division of the State Architect-Structural Safety/Community Colleges 
(see Section 1.9.2.2) 


OSHPD 1 Office of Statewide Health Planning and Development (see Section 1.10.1) 
OSHPD IR Office of Statewide Health Planning and Development (see Section 1.10.1) 
OSHPD 2 Office of Statewide Health Planning and Development (see Section 1.10.2) 
OSHPD 3 Office of Statewide Health Planning and Development (see Section 1.10.3) 
OSHPD 4 _— Office of Statewide Health Planning and Development (see Section 1.10.4) 
OSHPD 5 Office of Statewide Health Planning and Development (see Section 1.10.5) 


DPH Department of Public Health (see Section 1.7.0) 
AGR Department of Food and Agriculture (see Section 1.6.0) 
CEC. California Energy Commission 

(see Section 100 in Part 6, the California Energy Code) 
CA Department of Consumer Affairs (see Section 1.6.0): 


Board of Barbering and Cosmetology 
Board of Examiners in Veterinary Medicine 
Board of Pharmacy 

Acupuncture Board 

Bureau of Home Furnishings 

Structural Pest Control Board SPCB 


SL State Library (see Section 1.12.0) 
SEC State Lands Commission (see Section 1.14.0) 
DWR Department of Water Resources (see Section 1.13.0 of Chapter 1 of the California 


Plumbing Code in Part 5 of Title 24) 


The state agencies are available to answer questions about their adoptions. Contact information is provided on page iv of this code. 


To learn more about the use of this code refer to the following pages. Training materials on the application and use of this code 
are available at the website of the California Building Standards Commission www.dgs.ca.gov/bsc. 
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CALIFORNIA MATRIX ADOPTION TABLES 


Format of the Matrix Adoption Tables 

The matrix adoption tables, examples of which follow, are non-regulatory aids intended to show the user which state agencies 
have adopted and/or amended given sections of model code. An agency’s statutory authority for certain occupancies or 
building applications determines which chapter or section may be adopted, repealed, amended or added. See Chapter 1, 
Division I, Sections 1.2.0 through 1.14.0, for agency authority, building application and enforcement responsibilities. 


The side headings identify the scope of the state agencies’ adoption as follows: 


Adopt the entire UMC chapter without state amendments. 


If there is an “X” under a particular state agency’s acronym in this row, it means that particular state agency has adopted the 
entire model code chapter without any state amendments. 


Example: 


CALIFORNIA MECHANICAL CODE — MATRIX ADOPTION TABLE 
CHAPTER 1 - GENERAL CODE PROVISIONS 


(Matrix Adoption Tables are non-regulatory, intended only as an aid to the user. See Chapter 1 for state agency authority and building application.) 
in af se meine g a a a eee boil 


aor HCD DSAT OSHPD | | | 
Adopting Agency BSC | Gg | SFM BSCC DPH|AGR|DWR CEC CA | SL |SLC 


1 | 2 ,1-AC|}AC;SS;SS/CC/ 1|1R)/ 2,3) 4)|5 


Adopt Entire Chapter a | X | 


Adopt Entire Chapter as | | ’ ns | 
amended (amended sections So] AGOOM: pp Pasian 
listed below) 
Adopt only those sections | | 
that are listed below 
Chapter/Section 

202 | 


Adopt the entire UMC chapter as amended, state-amended sections are listed below: 


If there is an “X” under a particular state agency’s acronym in this row, it means that a particular state agency has adopted the 
entire model code chapter, with state amendments. 


Each state-amended section that the agency has added to that particular chapter is listed. There will be an “X” in the column, 
by that particular section, under the agency’s acronym, as well as an “X” by each section that the agency has adopted. 


Example: 
CALIFORNIA MECHANICAL CODE — MATRIX ADOPTION TABLE 
CHAPTER 1 - GENERAL CODE PROVISIONS 
(Matrix Adoption Tables are non-regulatory, intended only as an aid to the user. See Chapter 1 for state agency authority and building application.) 


r me 


Bsc. HCD DSA OSHPD 
Adopting Agency BSC “Gq | SFM BSCC DPH|AGR|DWRI|CEC CA | SL SLC 
| 1|2/|1-ac|Ac|ss|ssycc|1|1R} 2/3/41] 5 

—— ——— —| — = =—— | =2 Eu! = is 4 = ee 
Adopt Entire Chapter | | 
Adopt Entire Chapter as 
amended (amended sections | X xX }S|A;| M |P/LIE 
listed below) fe | re 


Adopt only those sections | 
that are listed below 
Chapter/Section — Wen; | ath a, ‘bot te ar a a is i. ee eee 


>| 
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Adopt only those sections which are listed below: © 


If there is an “X” under a particular state agency’s acronym in this row, it means that particular state agency is adopting only 
specific model code or state-amended sections within this chapter. There will be an “X” in the column under the agency’s 
acronym, as well as an “X” by each section that the agency has adopted. 


Example: 


CALIFORNIA MECHANICAL CODE — MATRIX ADOPTION TABLE 
CHAPTER 1 - GENERAL CODE PROVISIONS 
(Matrix Adoption Tables are non-regulatory, intended only as an aid to the user. See Chapter 1 for state agency authority and building application.) 


: BSC- HCD DSA OSHPD 
Adopting Agency BSC SFM BSCC | DPH | AGR|DWR|CEC CA | SL |SLC 


CG 
1 | 2/1-AC|AC;)SS|SS/CC/ 1|1R}2;);3 4/5 


Adopt Entire Chapter 

Adopt Entire Chapter as 
amended (amended sections SpA iieMs |. Pik & 
listed below) 


Adopt only those sections 
that are listed below 


Chapter/Section 
101 xX 
102 x 
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[BSC] 


HOW TO DISTINGUISH MODEL CODE LANGUAGE 
FROM CALIFORNIA AMENDMENTS 


To distinguish between model code language and incorporated California Amendments, 
including exclusive California standards, California amendments will appear in italics font 
print. 


Symbols in the margins indicate the status of code changes as follows: 


This symbol identifies which State agency(s) by its “acronym” that has amended a section 
of the model code. For a complete listing of State agency acronyms, see the Application 
Section within Chapter 1, Division I. 


This symbol indicates that a change has been made to a California amendment. 


This symbol indicates that a section, paragraph, or table has been revised or relocated 
within IAPMO model code language. 


This symbol indicates deletion of California language. 


This symbol indicates where an entire section, paragraph, or table has been deleted from 
IAPMO model code language. 


Revision Markings 

A double right angle («) in the margin indicates that the text or a table has been relocated 
within the code. The table found on page xx points out the relocations in the 2021 edition 
of the Uniform Mechanical Code. 


TIA TIA indicates that the revision is the result of a Tentative Interim Amendment. 
Fk For further information on tentative interim amendments see Section 5 of the [APMO 
TIA Regulations Governing Committee Projects available at http://codes.iapmo.org/ 


A reference in brackets [ ] following a section or paragraph indicates material that has been 
extracted from another document. This reprinted material is not the complete and official 
position of the source document on the referenced subject that is represented by the standard 
in its entirety. Material contained in this document that is taken or extracted from NFPA 
standards is used with permission of the National Fire Protection Association. This material 
is not the complete and official position of the NFPA on the reference subject, which is 
represented solely by the relevant standard in its entirety. NFPA standards can be accessed 
at www.nfpa.org. In addition, this extracted material may include revisions or modifications 
developed through IAPMO’s standards development process. Therefore, NFPA disclaims 
responsibility for the content of this Code. 


Text that is extracted pursuant to IAPMO’s Extract Guidelines, but outside of the regular 
revision process is denoted with the use of the source document in the margin. This text is 
not fully processed by IAPMO in accordance with ANSI’s public announcement consensus 
requirements for an American National Standard (ANS) nor approved by ANSI’s Board 
of Standards Review. The next revision cycle processes such text in accordance with those 
requirements. 
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Important Notices and Disclaimers 

The 2021 edition of the Uniform Mechanical Code is developed through a consensus 
standards development process approved by the American National Standards Institute. 
This process brings together volunteers representing varied viewpoints and interests to 
achieve consensus on mechanical issues. While the International Association of Plumbing 
and Mechanical Officials ((APMO) administers the process and establishes rules to promote 
fairness in the development of consensus, it does not independently test, evaluate, or verify 
the accuracy of any information or the soundness of any judgments contained in its codes 
and standards. 


IAPMO disclaims liability for any personal injury, property, or other damages of any nature 
whatsoever, whether special, indirect, consequential, or compensatory, directly or indirectly 
resulting from the publication, use of, or reliance on this document. IAPMO also makes no 
guarantee or warranty as to the accuracy or completeness of any information published 
herein. 


In issuing and making this document available, IAPMO is not undertaking to render 
professional or other services for or on behalf of any person or entity. Nor is IAPMO 
undertaking to perform any duty owed by any person or entity to someone else. Anyone 
using this document should rely on his or her own independent judgment or, as appropriate, 
seek the advice of a competent professional in determining the exercise of reasonable care 
in any given circumstances. 


Updating IAPMO Codes 

Users of IAPMO codes should be aware that IAPMO codes may be amended from time to 
time through the issuance of Tentative Interim Amendments or corrected by Errata. IAPMO 
codes consist of the current edition of the document together with any Tentative Interim 
Amendment and any Errata in effect. 


In order to determine whether an IAPMO code has been amended through the issuance of 
Tentative Interim Amendments or corrected by Errata, please visit the IAPMO Group codes 
information pages on I|APMO’s website (www.iapmo.org). The codes information pages 
provide a list of IAPMO codes with up-to-date, specific information including any issued 
Tentative Interim Amendments and Errata. 


To access the codes information pages for a specific code, go to http://codes.iapmo.org to 
select from the list of IAPMO codes. For Tentative Interim Amendments, go to the standard 
council decisions. For Errata, select the archived revision information. 
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FOREWORD 


Origin and Development 

The industry has long recognized the advantages of a statewide adopted mechanical 
code. The first edition of the Uniform Mechanical Code® (UMC®) was adopted by |APMO 
in 1967. The widespread use of this code over the past five decades by jurisdictions 
throughout the United States and internationally is testament to its merit. 


Publishing of the 2003 Uniform Mechanical Code was a significant milestone because it was 
the first time in the history of the United States a mechanical code was developed through a 
true consensus process. The 2021 edition represents the most current approaches in the 
mechanical field and is the seventh edition developed under the ANSI consensus process. 
Contributions to the content of this code consists of diverse interests as consumers, 
enforcing authorities, installers/maintainers, labor, manufacturers, research/standards/testing 
laboratories, special experts, and users. 


The Uniform Mechanical Code provides consumers with complete requirements for the 
installation and maintenance of heating, ventilating, cooling, and refrigeration systems, 
while, at the same time, allowing latitude for innovation and new technologies. The public 
at large is invited and encouraged to take part in IAPMO’s open consensus code 
development process. This code is updated every three years. The Uniform Mechanical 
Code is dedicated to all those who, in working to achieve “the ultimate mechanical code,” 
have unselfishly devoted their time, effort, and personal funds to create and maintain this, 
the finest mechanical code in existence today. 


The Uniform Mechanical Code updates every three years in revision cycles that begin 
twice each year that takes two years to complete. 


Each revision cycle advances according to a published schedule that includes final dates 
for all major events and contains four basic steps as follows: 

1. Public and Committee Proposal Stage; 

2. Comment Stage; 

3. Association Technical Meeting; 

4. Council Appeals and Issuance of Code. 


IAPMO develops “full consensus” codes built on a foundation of maximum participation 
and agreement by a broad range of interests. This philosophy has led to producing 
technically sound codes that promote health and safety, yet do not stifle design or 
development. 


It is important to stress that the process remains committed to the principles of consensus 
code development where consensus Technical Committees and Correlating Committees 
revise codes. The public and membership is offered multiple opportunities to debate, 
provide input and raise concerns through Amending Motions at the annual Assembly 
Consideration Session. Anyone may submit an appeal related to the issuance of a 
document through the [APMO Standards Council. 


The 2021 Uniform Mechanical Code is supported by the Mechanical Contractors 
Association of America (MCAA), the Plumbing-Heating-Cooling Contractors National 
Association (PHCC-NA), the United Association (UA), and the World Plumbing Council 
(WPC). The presence of these logos, while reflecting support, does not imply any 
ownership of the copyright to the UMC, which is held exclusively by IAPMO. Further, the 
logos of these associations indicate the support of IAPMO’s open consensus process 
being used to develop IAPMO’s codes and standards. 
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xii 


The addresses of the organizations are as follows: 

ASSE — 18927 Hickory Creek Drive, Suite 220 * Mokena, IL 60448 ¢ (708) 995-3019 

MCAA — 1385 Piccard Drive « Rockville, MD 20850 « (301) 869-5800 

PHCC-NA — PO Box 6808 ¢ Falls Church, VA 22040-6808 ¢ (800) 533-7694 

RPA — 18927 Hickory Creek Drive, Suite 220 ¢ Mokena, IL 60448 « (877) 427-6601 

UA — Three Park Place ¢ Annapolis, MD 21401 ¢ (410) 269-2000 

WPC — World Plumbing Council Secretariat, Auf der Mauer 11 * Postfach CH 8021 ¢ Zurich 
Switzerland * www.WorldPlumbing.org 


Adoption 

The Uniform Mechanical Code is available for adoption and use by jurisdictions in the 
United States and Internationally. Its use within a governmental jurisdiction is 
accomplished through adoption by reference in accordance with applicable jurisdictional 
laws. At adoption, jurisdictions should insert the applicable information in bracketed words 
in the sample ordinance. The sample legislation for adoption of the Uniform Mechanical 
Code on page xi provides key components, regulations and resolutions. 


Revision Markings 

Solid vertical lines in the margins indicate a technical change from the requirements of the 
2021 edition. An arrow (=) in the margin indicates where an entire section, paragraph, 
exception, figure, or table has been deleted, or an item in a list of items or a table has been 
deleted. 


A double right angle (<<) in the margin indicates that the text or a table has been relocated 
within the code. The table found on page xiii points out the relocations in the 2021 edition 
of the Uniform Mechanical Code. 


TIA TIA indicates that the revision is the result of a Tentative Interim Amendment. 
a For further information on tentative interim amendments see Section 5 of the IAPMO 
TIA Regulations Governing Committee Projects available at http://codes.iapmo.org/ 


A reference in brackets [ ] following a section or paragraph indicates material that has been 
extracted from another document. A reference in brackets { } following a section or 
paragraph indicates material that has been extracted from another document and has been 
modified further by the Technical Committee. This reprinted material is not the complete 
and official position of the source document on the referenced subject that is represented 
by the standard in its entirety. Material contained in this document that is taken or extracted 
from NFPA standards is used with permission of the National Fire Protection Association. 
This material is not the complete and official position of the NFPA on the reference subject, 
which is represented solely by the relevant standard in its entirety. NFPA standards can be 
accessed at www.nfpa.org. In addition, this extracted material may include revisions or 
modifications developed through IAPMO’s standards development process. Therefore, 
NFPA disclaims responsibility for the content of this Code. 


Text that is extracted pursuant to IAPMO’s Extract Guidelines, but outside of the regular 
revision process is denoted with the use of the source document in the margin. This text is 
not fully processed by IAPMO in accordance with ANSI’s public announcement consensus 
requirements for an American National Standard (ANS) nor approved by ANSI’s Board of 
Standards Review. The next revision cycle processes such text in accordance with those 
requirements. 
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FORMAT OF THE UNIFORM MECHANICAL CODE 


The format of the Uniform Mechanical Code (UMC) arranges each chapter in accordance with a 
specific subject matter. However, Chapter 3 is dedicated to general requirements that are 
applicable to every chapter. The subject matters are divided as follows: 


CHAPTERS 


Fuel Gas Piping 
Process Piping 
Solar Energy Systems 
Stationary Power Plants 
Referenced Standards 
Appendix A Residential Plans Examiner Review 
Form for HVAC System Design 
Appendix B Procedures to be Followed to Place 
Gas Equipment in Operation 
Appendix C Installation and Testing of Oil (Liquid) 
Fuel-Fired Equipment 


Appendix D Fuel Supply: Manufactured/Mobile 
Home Parks and Recreational Vehicle 
Parks 


Appendix E Sustainable Practices 
Appendix F Geothermal Energy Systems 


Appendix G Sizing of Venting Systems and Outdoor 
Combustion and Ventilation Opening 
Design 


Example Calculation of Outdoor Air 
Rate 
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FORMAT OF THE UNIFORM MECHANICAL CODE 


The following is a summary of the scope and intent of the provisions addressed within the chapters and appendices of the 
Uniform Mechanical Code: 


Chapter 1 Administration. 

Chapter 1 regulates the application, enforcement, and administration of subsequent requirements of the code. As well as 
establishing the scope of the code, this chapter is concerned with enforcing the requirements contained in the body of the 
code. A mechanical code, as with any other code, is intended to be adopted as a legally enforceable document to safeguard 
health, safety, property and public welfare. The code cannot be effective without satisfactory provisions for its administration 
and enforcement. The Authority Having Jurisdiction is to review the proposed and completed work and to decide whether a 
mechanical system conforms to the code requirements. As a public servant, the Authority Having Jurisdiction enforces the 
code in an unbiased, proper manner. The design professional is responsible for the design of a safe mechanical system. The 
contractor is responsible for installing the system in accordance with the plans. 


Chapter 2 Definitions. 

To maintain consistency and encourage the use of common terminology, Chapter 2 establishes definitions to provide clarity of 
terms and promote the use of a common language throughout the code. Understanding definitions within the context of their 
application enables greater collaboration, efficiency, standardization and interpretation in applying and enforcing terms used 
throughout the code. Codes are technical documents, and every term can impact the meaning of the code text. Terms not 
defined have a normally accepted meaning. 


Chapter 3 General Regulations. 

Chapter 3 regulates the general requirements, not specific to other chapters, for installing mechanical systems. Many 
regulations are not specific mechanical requirements, but relate to the overall mechanical system. This chapter contains 
safety requirements for appliance location and installation, appliance and system access, condensate disposal, and 
clearances to combustibles, and return or outside air used in mechanical systems. Listing method of approval, based on 
applicable nationally recognized standards, for the safe and proper installation of mechanical systems is essential to ensure 
protection of public health, safety, and welfare. The safety requirements provide protection for piping, material, and structures, 
with provisions for installation practices, removing stress and strain of the pipe, sleeving, and hanger support. The building’s 
structural stability is protected by the regulations for cutting and notching of structural members. 


Chapter 4 Ventilation Air. 

Chapter 4 regulates the minimum requirements for ventilation air supply, exhaust, and makeup air for spaces within a building. 
Building ventilation is one important factor affecting the relationship between airborne transmission of respiratory infections 
and the health and productivity of workers. Ventilation air may be composed of mechanical or natural ventilation, infiltration, 
recirculated air, transfer air, or a Suitable combination of that. Providing a comfortable and healthy indoor environment for 
building occupants is of primary concern. When considering how much ventilation should be supplied, typical and unusual 
significant sources of indoor pollution need to be controlled. Areas such as kitchens, bathrooms, and laundries are all built to 
allow specific functions. These spaces produce pollutants such as moisture, odors, volatile organic compounds, particles, or 
combustion byproducts. The purpose of local exhaust is to control concentrates of these pollutants in the room into which they 
were emitted in and to reduce the spread of the pollutants into other parts of the occupancy. Local exhaust ventilation is the 
source control for pollution that is expected in certain rooms. Using local exhaust to extract contaminants before they can mix 
with the indoor environment is essential. 


Chapter 5 Exhaust Systems. 

Chapter 5 regulates the minimum requirements for exhaust systems. Chapter 5 contains two parts: part | provides exhaust 
requirements for environmental air ducts and product conveying ducts; part Il provides exhaust requirements for commercial 
kitchens. Environmental air ducts include exhaust ducts used for transporting the air from domestic kitchens, bathrooms, and 
clothes dryers. Systems that carry nonabrasive exhaust, such as smoke, moderately abrasives such as sawdust, and high 
abrasives such as manganese or acid vapors use product-conveying ducts. Part Il provides the minimum fire safety 
requirements related to the design, installation, inspection, and maintenance of grease-type operations, such as cooking, for 
both fuel-gas and solid fuel. Cooking produces a significant amount of smoke, fumes, vapors, heat, and other pollutants. 
Therefore, acceptable kitchen ventilation is necessary to provide the occupants protection from smoke, unpleasant odors, 
pollutants, dangerous gases, and to prevent fires from the build-up of grease. There are two types of exhaust hoods (Type | 
and Type Il) used in commercial kitchen applications. Type | hoods are intended to be installed above equipment or 
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appliances that generate grease or smoke. Type II hoods are intended to be installed above equipment or dishwashers that 
generate steam, heat, or products of combustion, or where grease or smoke is not present. Type II hood exhaust system 
requirements are addressed in Section 519.0. 


Chapter 6 Duct Systems. 

Chapter 6 regulates requirements for ducts and plenums that are portions of a heating, cooling, absorption or evaporative 
cooling, or exhaust system. This chapter contains material and installation requirements for metal, gypsum, factory-made, 
flexible, and plastic ducts. It also contains fire protection requirements, smoke dampers, and automatic shutoff for the 
building’s air distribution system. 


Chapter 7 Combustion Air. 

Chapter 7 regulates combustion air requirements for the ventilation and dilution of flue gases for appliances installed in 
buildings. It applies to fuel-gas appliances except for direct vent appliances and clothes dryers. Chapter 5 provides makeup 
air for clothes dryers. Chapter 7 provides acceptable methods for supplying satisfactory combustion air to ensure proper 
combustion. Combustion air can be supplied by using indoor combustion air or by introducing the air from the outdoors. 


Combustion is the rapid oxidation of fuel to release energy. The oxygen required to release the energy from the fuel normally 
comes from the air. Incomplete combustion of fuel occurs when inadequate oxygen is provided to the appliance. Combustion 
is needed to provide ventilation cooling for the casing and internal controls. When a lack of oxygen occurs, some of the 
carbon is not oxidized, and carbon monoxide forms. 


Chapter 8 Chimneys and Vents. 

Chapter 8 regulates the installation, design, and construction of venting systems for fuel-burning appliances. The provisions 
addressed within this chapter follow procedures an installer would use to design or evaluate a venting system. Many 
requirements apply to the design and construction of venting systems, chimneys, installation of gas vents, and the sizing of 
venting system for a Category | appliance. Sizing venting systems require rigorous engineering calculations. However, the 
venting sizing requirements and sizing tables in this chapter already perform the calculations for the benefit of the end user. 


Combustion appliances produce products of incomplete combustion, including potentially harmful carbon monoxide (CO). It is 
desirable to vent these products to the outdoors. Although the gas is clean-burning fuel, the products of combustion must not 
be allowed to collect within a building. 


Chapter 9 Installation of Specific Appliances. 

Chapter 9 regulates the minimum requirements for the design, construction and installation of specific appliances. The 
provisions address the minimum requirements for gas-fired appliances, oil-fired appliances, wood-fired appliances, and 
electric-type appliances. In addition to the requirements of this chapter, appliances are also required to comply with the 
general requirements of Chapter 3. 


Chapter 10 Boilers and Pressure Vessels. 

Chapter 10 regulates the construction, installation, operation, repair, and alteration of boilers and pressure vessels. A low- 
pressure boiler provides steam at a pressure that does not exceed 15 psig, a gauge pressure more than 160 psi (1103 kPa) 
or heats water to a temperature more than 250°F (121°C). Potable water heaters are free from the requirements of Chapter 
10 as they are within the scope of the Uniform Plumbing Code (UPC). 


Pressure vessels store large amounts of energy and must comply with ASME Boiler and Pressure Vessel Code (BPVC) 
Section VIII. The stored energy must be contained to prevent disastrous failures. Boilers must comply with ASME BPVC 
Section |, ASME BPVC Section IV, or NFPA 85. Installing a safety relief valve and expansion tank prevents pressures in the 
tank from exceeding the design threshold. 


Chapter 11 Refrigeration. 

Chapter 11 regulates the design, installation, and construction requirements of refrigeration systems and the installation and 
construction of cooling towers. Refrigeration is a method used for achieving heat transfer to cool spaces. Refrigerants are the 
most common medium used to transfer the heat energy from the low-temperature level to the high-temperature level. Table 
1102.3 lists the most commonly used refrigerants and is labeled by a number. The concentration limits provided in Table 
1102.3 are useful for the quantity of refrigerant required to cool a volume of space safely. 


2022 CALIFORNIA MECHANICAL CODE XV 


FORMAT OF THE UNIFORM MECHANICAL CODE 


A major milestone reached in the industry was the introduction of lower flammability refrigerants such as A2L and B2L. The 
industry’s concerns to address lower Global Warming Potential (GWP) refrigerants led to the development of these lower 
flammability refrigerants. Chapter 11 does not only include these lower flammability refrigerants in Table 1102.3, but it also 
contains specific A2L and B2L provisions to address the precautions necessary for the proper use of these products. 


In addition, Chapter 11 addresses other minimum requirements for refrigeration systems such as refrigeration machinery 
rooms (including ventilation), relief valves, and pressure vessels. Apart from refrigerants, the chapter also addresses minimum 
requirements for systems that use other mediums such as ammonia and brine systems. For ammonia systems, such systems 
are required to comply with IIAR 2, IIAR 3, II[AR4, and IIAR 5. 


Chapter 12 Hydronics. 

Chapter 12 regulates hydronic systems that are part of heating, cooling, ventilation, and conditioning systems. Such piping 
systems include steam, hot water, chilled water, steam condensate, and the ground source heat pumps systems. The ground 
source heat pumps provisions in this chapter apply to the hydronic portions of the system. It is worth noting Appendix F 
addresses added provisions for ground source heat pumps for geothermal energy systems. 


Materials for piping and tubing must meet the working temperature and pressure of the system. In addition, materials must be 
compatible with the transfer medium to prevent deformation, bursting, or any chemical action between the material and the 
transfer medium. The allowable joining methods for piping or tubing are provided for application and enforcement purposes. 


Chapter 13 Fuel Gas Piping. 
Chapter 13 regulates gas piping systems in a building, structure or within the property lines of buildings up to 5 psi. Gas piping 
systems must supply the minimum volume of gas required by each gas appliance to perform their proper operation under 
working conditions without exceeding the maximum pressure specified by each manufacturer. Because of the hazards 
associated with fuel gas, it is important to ensure the gas system has been inspected and tested, and that it is safe to turn on 
the gas supply to the building. 


Chapter 14 Process Piping. 

Chapter 14 regulates process piping that typically is found in refineries. Process piping is considered the piping or tubing 
portion that transports liquid or gas, which is used directly in research, laboratory, or production process. This chapter may be 
used with another chapter of the code. For example, refrigeration piping, fuel gas piping, or fuel oil piping may need to comply 
with this chapter for process piping and the applicable chapter for materials, design, and installation. 


Chapter 15 Solar Energy Systems. 

Chapter 15 refers the user to the Uniform Solar, Hydronics and Geothermal Code (USHGC) for installations about solar 
energy systems. Reference is also made to Section 1203.0 as the heat source provisions are applicable to solar energy 
systems. 


Chapter 16 Stationary Power Plants. 

This chapter provides minimum requirements for stationary fuel cell power plants. A fuel cell is a device that produces 
electricity by a chemical reaction. Fuel cells have been used mostly for satellites. However, the costs of fuel cells have 
decreased to a point where they are now economically attainable. With the increase in electricity costs, fuel cells are being 
considered as an alternative for producing electricity. 


Chapter 17 Referenced Standards. 

Chapter 17 provides two comprehensive tables with referenced standards. The standards listed in Table 1701.1 are applied as 
indicated in the applicable reference section(s). A list of additional approved standards, publications, practices, and guides that 
are not referenced in specific sections appear in Table 1701.2. 


Referenced standards set forth specific details of accepted practices, materials specifications, or test methods in many 
specialized applications. Standards provide an efficient method of conveying complex information and specifications on the 
performance requirements for materials, products, systems, application, and installation. The manner and purpose for a 
standard’s use and, in turn, code compliance, must be definitive in all references to the standard. If the standard is intended to 
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be a requirement for judging code compliance, the code must state its intent for use. The standard should adequately address a 
defined need and at the same time specify the minimum performance requirements, technical characteristics and methods of 
testing, and required test results. 


The referenced standards tables are organized in a manner that makes it easy to find specific standards in alphabetical order, 
and by acronym of the publishing agency of the standard. The tables list the title of the standard, the edition, and any 
addenda. Contact information for each publishing agency is provided at the end of the chapter. 


Appendix A Residential Plans Examiner Review Form for HVAC System Design. 
A residential plans examiner review form is located in this appendix as an example to assist users in identifying whether the 
HVAC system has followed the approved procedures for system design (loads, equipment, and ducts). 


Appendix B Procedures to be Followed to Place Gas Equipment in Operation. 

Appendix B provides requirements for the procedures that apply after an appliance is installed in place, piped, and connected 
to its venting system. The requirements include adjusting the burner input, air adjustments, verifying operation of safety 
shutoffs, automatic ignition, and protective devices, checking draft for vent-connected appliances, and operating instructions. 


Appendix C Installation and Testing of Oil (Liquid) Fuel-Fired Equipment. 
Appendix C governs the installation, testing, or repair of oil or liquid fuel-burning equipment used in buildings or structures and 
equipment. 


Appendix D Fuel Supply: Manufactured/Mobile Home Parks and Recreational Vehicle Parks. 

The provisions of this appendix apply to the fuel gas piping systems of mobile home and recreational vehicle parks. These 
provisions also apply to the use, maintenance, and installation for supplying fuel gas for accessory buildings or structures, and 
building components. 


Appendix E Sustainable Practices. 

This appendix provides a comprehensive set of technically sound provisions that encourage sustainable practices and works 
toward improving the design and construction of mechanical systems that result in a positive long-term environmental impact. 
Environmental sustainability is important because it involves natural resources that human beings need for economic or 
manufactured capital. Their sustainability is defined by their reliance on infinitely available resources that are naturally 
occurring, constant, and free to access. 


Appendix F Geothermal Energy Systems. 

Appendix F regulates the design, installation, construction and location of geothermal energy systems. In order to properly design 
a geothermal system, it is important to know the seasonal variation in the soil temperature, as well as the soil’s inherent capability 
to store and transmit heat, namely its heat capacity and thermal conductivity. 


Materials for piping and tubing must meet the working temperature and pressure of the system. In addition, materials must be 
compatible with the transfer medium to prevent deformation, bursting, or any chemical action between the material and the transfer 
medium. The allowable joining methods for piping or tubing are provided for application and enforcement purposes. 


Appendix G Sizing of Venting Systems and Outdoor Combustion and Ventilation Opening Design. 

Appendix G provides added information on the sizing of gas vents. This appendix is useful to the end user for the proper 
sizing of venting systems. A series of examples are given that show how to use the tables and other requirements of Chapter 
8. In addition, Appendix G shows an example of how to determine the required combination of indoor and outdoor combustion 
air opening sizes for appliances under Chapter 7. The combustion air example also provides a table that contains the required 
volume of space per the appliance Btu/h input based on the standard method. 


Appendix H Example Calculation of Outdoor Air Rate. 
Appendix H gives an example of how to calculate the required outdoor air rate under Chapter 4. 
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The Uniform Codes are designed to be adopted by jurisdictions through an ordinance. Jurisdictions wishing to 
adopt the 2021 Uniform Mechanical Code as an enforceable regulation governing mechanical systems by 
reference should ensure the legal basis under which adoption and implementation are included in the ordinance. 


The following sample ordinance is a guide for drafting an ordinance for adoption that addresses key components 
regulations and resolutions. 


ORDINANCE NO. 


An ordinance of the [JURISDICTION] adopting the 2021 edition of the Uniform Mechanical Code, regulating and 
controlling the design, construction, quality of materials, erection, installation, alteration, repair, location, 
relocation, replacement, addition to, use or maintenance of mechanical systems in the [JURISDICTION]; 
providing for the issuance of permits and collection of fees therefor; repealing Ordinance No. of the 
[JURISDICTION] and all other ordinances and parts of the ordinances in conflict therewith. 


The [GOVERNING BODY] of the [JURISDICTION] does ordain as follows: 


Section 1 Codes Adopted by Reference. That certain documents, three (3) copies of which are on file in the 
office of the [JURISDICTION'S KEEPER OF RECORDS] and the [JURISDICTION], being marked and 
designated as the 2021 Uniform Mechanical Code, including Appendix Chapters [FILL IN THE APPENDIX 
CHAPTERS BEING ADOPTED], as published by the International Association of Plumbing and Mechanical 
Officials, be and is hereby adopted as the Code of the [JURISDICTION], in the State of [STATE NAME] 
regulating and controlling the design, construction, quality of materials, erection, installation, alteration, repair, 
location, relocation, replacement, addition to, use or maintenance of mechanical systems as herein provided; 
providing for the issuance of permits and collection of fees therefor; and each and all of the regulations, 
provisions, penalties, conditions and terms of such 2021 Uniform Mechanical Code on file in the office of the 
[JURISDICTION] are hereby referred to, adopted, and made a part hereof, as if fully set out in this ordinance. 


Section 2 Modifications. The following sections are hereby revised: 
Section 101.1. Insert: [NAME OF JURISDICTION] 
Section 104.5. Insert: [APPROPRIATE FEE SCHEDULE] 


Section 3 Conflicting Ordinances Repealed. That Ordinance No. of [JURISDICTION] entitled 
[TITLE OF THE ORDINANCE OR ORDINANCES IN EFFECT AT THE PRESENT TIME SO THAT THEY WILL BE 
REPEALED BY MENTION] and all other ordinances or parts of ordinances in conflict herewith are hereby repealed. 


Section 4 Preemption. [JURISDICTION] hereby fully occupies and preempts the entire field of regulation of 
design, construction, quality of materials, erection, installation, alteration, repair, location, relocation, 
replacement, addition to, use or maintenance of mechanical systems; and provision for the issuance of permits 
and collection of fees therefor; within the boundaries of [JURISDICTION]. [AS APPROPRIATE] Cities, towns, 
and counties or other municipalities may enact only those laws and ordinances relating to this field as 
specifically authorized by state law and consistent with this ordinance. Local laws and ordinances that are 
inconsistent with, more restrictive than, or exceed the requirements of [ORDINANCE NO.] shall not be enacted 
and are hereby expressly preempted and repealed, regardless of the nature of the code, charter, or home rule 
status of such city, town, county, or municipality. 


Section 5 Severability. That if any section, subsection, sentence, clause or phrase of this ordinance is, for any 
reason, held to be unconstitutional, such decision shall not affect the validity of the remaining portions of this 
ordinance. The [GOVERNING BODY] hereby declares that it would have passed this ordinance, and each 
section, subsection, clause or phrase thereof, irrespective of the fact that any one or more sections, subsections, 
sentences, clauses and phrases be declared unconstitutional. 


Section 6 Legal Notice. That the [JURISDICTION'S KEEPER OF RECORDS] is hereby ordered and directed to 
cause this ordinance to be published. (An additional provision may be required to direct the number of times the 
ordinance is to be published and to specify that it is to be in a newspaper in general circulation. Posting may 
also be required.) 


Section 7 Violations and Penalties. [INCORPORATE PENALTIES FOR VIOLATIONS] 


Section 8 Effective Date. That this ordinance and the rules, regulations, provisions, requirements, orders and 
matters established and adopted hereby shall take effect and be in full force and effect [TIME PERIOD] from and 
after the date of its final passage and adoption. 
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[ 2018 Location 


206.0 Ceiling Radiation 
Damper 


205.0 Ceiling Radiation 
Damper 


206.0 Combination Fire/Smoke 
Damper 


205.0 Combination Fire and 
Smoke Damper 


904.7 — 904.13 904.8 — 904.14 
914.3.1, 914.3.2 914.3.2, 914.3.3 
920.4.3 920.4.4 

1207.6 11 ul eo ee 


LQTS 21.8.2 


1217.5.4 - 1217.6.2 
+ 


1220.4 — 1220.5 


1220.2 — 1220.3 


Table 1220.4.1 


Table 1220.2.1 


1308.5.3.2 — 1308.5.3.5 


1308.5.3.1 — 1308.5.3.4 


Table 1308.5.6.2 


Table 1308.5.7.2 


1308.5.6 1308 .527.1 


1308.5.7 — 1308.5.8.2 


1308.5.7.4, 1308.5.7.5 


1308.5.8.3, 1308.5.8.4 


1308.5.8 — 1308.5.10.5 


1308.5.9.— 1308.5.11:5 


1308.7.6, 1308.7.7 


1308.7.7, 1308.7.8 


1308.10.6 


1308.7.6 


1308.11 — 1308.14.1 


1308.10 — 1308.13.1 


305.2 303.13 
305.3 — 305.5 305.2 — 305.4 
402.1.2 402.1.3 

403.5.1 403.5.3 

403.5.1.2 403.5.2 

403.5.2 403.5.4 

At oh RSA Ke 507.2(1) — 507.2(6) 
508.2.3, 508.2.4 |508.2.2, 508.2.3 
510.3.6.1 510.3.6 Exception 
510.3.6.2 510.3.6.1 

512.3.3 51231 

512.3.5 5123.2 

513.1.2 ake 


1310.3 


1310.2 


513.2.5.2 — 513,2.5.7 


Si3:2. Sie 513 2.3.6 


1310.1 


1308.5.6 


513.34, 5133.5 


sist 1832 


1310.3.2 — 1310.10.1.1, 
Table 1310.3.5.1 


1320.2, ep 1 310.9.191, 
Table 1310.2.4.1 


513.7 513.8 
513.8 —513.12 513.9 — 513.13 
514.4.2-514.4.15 514.4.1-514.4.14 
602.4.1, 602.4.2 602.4, 602.5 

602.5, 602.6 602.7, 602.8 
603.3.1 603.3.3 

603.4 603.5 

603.5 — 603.7 603.6 — 603.8 
603.7.1.1 — 603.7.1.5 6033.12 6033.23 
603.8, 603.9 603.9, 603.10 
Table 603.9.1 Table 603.10 
'603.9.2 603.10.1 


603.10 — 603.12 


603.11 — 603.13 


603.13.2 — 603.13.3 


904.2.7 — 904.2.8 


603.13.4 903.2.5 

603.13.6 931.5.5 

604.1 — 604.4 904.7 - 904.7.3 
605.0 — 609.1 604.0 — 608.1 
802.3.4 802.3.4.1 

802.6.1(2) — 802.6.1(7) 802.6.1.1 — 802.6.1.6 
802.6.1.1 802.6.1.7 


802.7.4(1) — 802.7.4(3) 


802.7.4.1 — 802.7.4.3 


903.2.5, 904.2.6 


903.2.6, 904.2.7 


904.2.7 


4 


904.2.9 


131033 H3L0:2 2 
1310:3.3.1 P1022.) 
1310.3.4 1310,2.3 
1310.3.5 1310.2.4 
1310.3:5.1 1310.2.4.1 
1311.4-—1311.7.1 1311.3 — 1311.6.1 
F503.5.3(3) E503.5.3.1 
E903.5,1-1 H503.5ehkei 

E 503.5.11.2 — E 503.5.11.1 — 

H 503:5:11.2.3 E5035: 1102.2 

F 101.4 E 505.4 

F 101.10 E 508.11 
je E 508.12 

F 101.5—F 101.9 E 508.5 — E 508.9 
F 104.2 E 505.5 

Table F 104.2 Table E 505.5 

F 104.3 E 505.6 

Table F 104.3 Table E 505.6 

F 106.0 —F 106.8 E 507.0 — E 507.8 
F 108.16 1B 509.2 

F 109.3 E 508.10 
Appendix G | Appendix F 
Appendix H Appendix G 


XX 
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IAPMO provides a variety of other products which are useful for inspectors, building officials, architects, engineers, 
manufacturers, contractors, plumbers, and apprentices. 


IAPMO Headquarters Directory 
4755 East Philadelphia Street, Ontario, California 91761-2816 
Publication Order Desk Phone: 800-85-IAPMO 
Publication Toll Free Fax: 877-85-CODES 
E-mail: iapmo@iapmo.org 
Website: www.iapmo.org 
Free Code Question: 800-201-0335 


Uniform Mechanical Code — 2021 Edition: 


The Uniform Mechanical Code contains complete requirements for the installation and maintenance of heating, ventilating, 
cooking and refrigeration systems. 


Uniform Mechanical Code Illustrated Training Manual: 


Contains technical diagrams and illustrations that demonstrate the intent and use of the UMC. A great reference for everyone 
involved in Mechanical HVACR design and installation. 


Uniform Mechanical Code Study Guide: 


The Study Guide is a complete self-study course for learning the UMC. A big help in getting ready for a certification exam! 
This book is the perfect complement to the UMC Illustrated Training Manual. 


Guide to Important Code Questions to the Uniform Mechanical Code: 


An excellent reference for learning and understanding mechanical code changes and identifies code changes between 
editions. It is a useful tool for preparing code change proposals. 


Uniform Plumbing Code — 2021 Edition: 


The Uniform Plumbing Code is the most widely adopted plumbing code in the world. The 2021 edition contains complete 
“turnkey” requirements for the installation and maintenance of plumbing systems, all in one easy to use book. 


Uniform Plumbing Code Illustrated Training Manual: 


The UPC Illustrated Training Manual is an excellent reference for anyone involved in the plumbing industry. It contains an 
extensive definitions section and several hundred comprehensive technical diagrams and illustrations. It serves as a textbook, 
and it also is useful as a valuable tool for explaining the intent and use of the Code. 


Uniform Plumbing Code Study Guide: 


This book is the perfect complement to the UPC Illustrated Training Manual. Alone, it constitutes a complete self-study 
course for learning the UPC. It has hundreds of questions, general practice exams, and plumbing math, pipe sizing exercises 
and fitting identification. A big help in getting you ready for a certification exam! 


Guide to Important Code Questions to the Uniform Plumbing Code: 


An excellent reference for learning and understanding plumbing code changes and identifies code changes between editions. 
It is a useful tool for preparing code change proposals. 
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Uniform Swimming Pool, Spa, and Hot Tub Code — 2021 Edition: 
The Uniform Swimming Pool, Spa and Hot Tub Code contains complete and current requirements for the erection, 
installation, alteration, repair, relocation, replacement, addition to and use or maintenance of these systems. 


Uniform Solar, Hydronics and Geothermal Code — 2021 Edition: 
The Uniform Solar, Hydronics and Geothermal Code contains complete requirements for the erection, installation, alteration, 
addition, repair, relocation, replacement, addition to, use or maintenance of these systems. 


Drain Waste and Vent Calculator: 
A slide-rule style calculator provides quick and simple access to the fixture unit and sizing tables of Chapter 7 of the UPC. 


Water Sizing Calculator: 
Sizing water systems becomes a much simpler task with the use of this handy slide-rule style calculator. 


Natural Gas Pipe Sizing Calculator: 
This Natural Gas Pipe Sizing Calculator is presented in an easy to use and read slide-rule format. Designed for systems with a 
supply pressure of six to eight inches of water column, all pipe capacities are given in cubic feet per hour. 


Trailer Standards: 
IAPMO has developed a number of standards for specialty products used in manufactured homes and recreational vehicles. 
These standards are available individually, or they may be purchased as a set. 


Education and Training Seminars: 

IAPMO specializes in conducting training and education, including fulfilling continuing education requirements, on the UPC 
and UMC as well as all of the most commonly utilized codes in the Construction Trades. Special seminars on industry or 
code subjects are expeditiously created and delivered upon request. Please call to obtain the seminar schedule or to arrange 
for a custom special seminar. 


Backflow Prevention Institute — [APMO: 

The IAPMO Backflow Prevention Institute provides professional education and training for the control of hazards to our 
water supply and is dedicated to water-system safety worldwide. The Institute provides training in backflow prevention and 
cross-connection control. This program includes backflow preventers, testers, repairers, cross-connection control surveyors, 
program administrators and fire-sprinkler backflow preventer testers. Each of these courses provides compliance certification 
to American Society of Sanitary Engineering (ASSE) Series 5000 Professional Qualification Standards. 


Backflow Prevention Reference Manual: 

This unique 300-page manual contains full-color illustrations and sections relating to real-world installations, backflow 
prevention, testing cross-connection control, repair and inspections. The manual is an excellent textbook and a reference the 
inspectors in every jurisdiction should have access too. It is also an important resource for system designers, urban planners 
and utility companies — professionals on both sides of the water meter. 


Backflow Prevention Tech-Wheel: 

Find quick answers to your backflow preventer questions! The Backflow Tech-Wheel contains a wealth of information in a 
graphic, quick reference format. One side delivers solutions to device application questions; the other a troubleshooting 
guides offering solutions to backflow problems. 


ANSI Z124 Standards: 


These standards are written to specifically address a variety of plastic plumbing fixtures and components. They are available 
individually, or may be grouped for quantity discounts. 
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RELATED PUBLICATIONS AND SERVICES 


The Documents Listed are Not by this Reference Adopted by The State of California. 


IAPMO Installation Standards: 


IAPMO standards committees have formulated installation standards for a wide variety of commonly used plumbing 
materials and systems. The IAPMO installation standards are included after the text of the Uniform Plumbing Code, or can 
be purchased separately. 


Material and Property Standards: 


IAPMO does not generally develop material and property standards, but when a need exists the Association will take a 
leadership role by filling the void. They are available, are subject to amendments and are withdrawn when recognized 
consensus standards are formulated. 


OFFICIAL Magazine: 


IAPMO’s bimonthly publication features informative articles related to Plumbing and Mechanical HVACR installations, 
award winning general interest features, technical columns and industry updates. Subscriptions are available and all IAPMO 
members receive a free copy of every issue! 


Membership in IAPMO: 


IAPMO membership is open to all interested persons. Membership categories include Student, Individual, Senior, 
Organizational and Governmental. Member benefits include discounted prices on IAPMO publications, a subscription to 
Official magazine, and numerous educational and training opportunities. 


HOW TO CONTACT IAPMO 
Mailing Address: 4755 East Philadelphia Street, Ontario, California 91761-2816 
Main Number: 909-472-4100 * Publication Orders: 800-85-IAPMO »* Publication Fax: 877-85-CODES 
Website: www.iapmo.org * Office Hours: Monday — Friday, 8am — 5pm Pacific Time 
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CHAPTER 1 
ADMINISTRATION 


DIVISION I 


CALIFORNIA ADMINISTRATION 


1.1.0 General. 


1.1.1 Title. These regulations shall be known as the California 
Mechanical Code, may be cited as such and will be referred to 
herein as “this code.” The California Mechanical Code is 
Part 4 of thirteen parts of the official compilation and publi- 
cation of the adoption, amendment, and repeal of mechanical 
regulations to the California Code of Regulations, Title 24, 
also referred to as the California Building Standards Code. 
This part incorporates by adoption the 2021 Uniform Mechan- 
ical Code of the International Association of Plumbing and 
Mechanical Officials with necessary California amendments. 


1.1.2 Purpose. The purpose of this code is to establish the 
minimum requirements to safeguard the public health, safety 
and general welfare through structural strength, means of 
egress facilities, stability, access to persons with disabilities, 
sanitation, adequate lighting and ventilation, and energy 
conservation; safety to life and property from fire and other 
hazards attributed to the built environment, and to provide 
safety to fire fighters and emergency responders during emer- 
gency operations. 


1.1.3 Scope. The provisions of this code shall apply to the 
construction, alteration, movement, enlargement, replace- 
ment, repair, equipment, use and occupancy, location, main- 
tenance, removal, and demolition of every building or 
structure or any appurtenances connected or attached to such 
buildings or structures throughout the State of California. 


1.1.3.1 Nonstate-Regulated Buildings, Structures, and 
Applications. Except as modified by local ordinance 
pursuant to Section 1.1.8, the following standards in the 
California Code of Regulations, Title 24, Parts 2, 2.5, 3, 
4, 5, 6, 9, 10 and 11 shall apply to all occupancies and 
applications not regulated by a state agency. 


1.1.3.2 State-Regulated Buildings, Structures, and 
Applications. The model code, state amendments to the 
model code, and/or state amendments where there are no 
relevant model code provisions shall apply to the 
following buildings, structures, and applications regu- 
lated by state agencies as specified in Sections 1.2.0 
through 1.14.0, except where modified by local ordinance 
pursuant to Section 1.1.8. When adopted by a state 
agency, the provisions of this code shall be enforced by 
the appropriate enforcing agency, but only to the extent of 
authority granted to such agency by the state legislature. 


Note: See “How to Distinguish Between Model Code 
Language and California Amendments” in the front of the 
code. 

(1) State-owned buildings, including buildings 
constructed by the Trustees of the California State 
University, and to the extent permitted by California 
laws, buildings designed and constructed by the 
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Regents of the University of California, and regu- 
lated by the Building Standards Commission. See 
Section 1.2.0 for additional scope provisions. 


(2) Section 1.3.0 is reserved for the Board of State and 
Community Corrections. 


(3) Section 1.4.0 is reserved for the Department of 
Consumer Affairs. 


(4) Section 1.5.0 is reserved for the California Energy 
Commission. 


(5) Section 1.6.0 is reserved for the Department of Food 
and Agriculture. 


(6) Organized camps, laboratory animal quarters, 
public swimming pools, radiation protection, 
commissaries serving mobile food preparation vehi- 
cles, and wild animal quarantine facilities regulated 
by the Department of Public Health. See Section 
1.7.0 for additional scope provisions. 


(7) Hotels, motels, lodging houses, apartments, 
dwellings, dormitories, condominiums, shelters for 
homeless persons, congregate residences, employee 
housing, factory-built housing and other types of 
dwellings containing sleeping accommodations with 
or without common toilets or cooking facilities. See 
Section 1.8.2.1.1 for additional scope provisions. 


(8) Accommodations for persons with disabilities in 
buildings containing newly constructed covered 
multifamily dwellings, new common use areas 
serving existing covered multifamily dwellings, 
additions to existing buildings where the addition 
alone meets the definition of covered multifamily 
dwellings and new common-use areas serving new 
covered multifamily dwellings which are regulated 
by the Department of Housing and Community 
Development. See Section 1.8.2.1.2 for additional 
scope provisions. 


(9) Permanent buildings and permanent accessory build- 
ings or structures constructed within mobilehome 
parks and special occupancy parks regulated by the 
Department of Housing and Community Development. 
See Section 1.8.2.1.3 for additional scope provisions. 


(10) Accommodations for persons with disabilities regu- 
lated by the Division of the State Architect. See 
Section 1.9.1 for additional scope provisions. 


(11) Public elementary and secondary schools, commu- 
nity college buildings and state-owned or state- 
leased essential service buildings regulated by the 
Division of the State Architect. See Section 1.9.2 for 
additional scope provisions. 


(12) Reserved for the State Historical Building Safety 
Board with the Division of the State Architect. 
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(13) General acute care hospitals, acute psychiatric 
hospitals, skilled nursing and/or intermediate care 
facilities, clinics licensed by the Department of 
Public Health and correctional treatment centers 
regulated by the Office of Statewide Health Plan- 
ning and Development. See Section 1.10.0 for addi- 
tional scope provisions. 


(14) Applications regulated by the Office of State Fire 
Marshal include but are not limited to the following 
in accordance with Section 1.11.0: 


(1) Buildings or structures used or intended for use 
as an: 


1.1. Asylum, jail, prison. 


1.2. Mental hospital, hospital, home for the 
elderly, children’s nursery, children’s home 
or institution, school or any similar occu- 
pancy of any capacity. 

1.3. Theater, dancehall, skating rink, audito- 
rium, assembly hall, meeting hall, night- 
club, fair building or similar place of 
assemblage where 50 or more persons may 
gather together in a building, room, or 
structure for the purpose of amusement, 
entertainment, instruction, deliberation, 
worship, drinking or dining, awaiting 
transportation, or education. 

1.4. Small family day care homes, large family 
day-care homes, residential facilities and 
residential facilities for the elderly, resi- 
dential care facilities. 


1.5. State institutions or other state-owned or 
state-occupied buildings. 


1.6. High rise structures. 
1.7. Motion picture production studios. 
1.8. Organized camps. 
1.9. Residential structures. 

(2) Tents, awnings, or other fabric enclosures used 
in connection with any occupancy. 

(3) Fire alarm devices, equipment, and systems in 
connection with any occupancy. 

(4) Hazardous materials, 
combustible liquids. 


flammable, and 


(5) Public school automatic fire detection, alarm, 
and sprinkler systems. 
(6) Wildland-urban interface fire areas. 
(15) Section 1.12.0 is reserved for public libraries 
constructed and renovated using funds from the 
California Library Construction and Renovation 


Bond Act of 1988 and regulated by the State 
Librarian. 


(16) Section 1.13.0 is reserved for the Department of 
Water Resources. 


(17) For applications listed in Section 1.9.1 regulated by 
the Division of the State Architect — Access Compli- 


ance, outdoor environments and uses shall be clas- 
sified according to accessibility uses described in 
Chapters 11A and 11B. 


(18) Section 1.14.0 is reserved for Marine Oil Terminals 
regulated by the California State Lands Commis- 
sion. 


1.1.4 Appendices. Provisions contained in the appendices of 
this code shall not apply unless specifically adopted by a state 
agency or adopted by a local enforcing agency in compliance 
with Health and Safety Code Section 18901 et. seq. for 
Building Standards Law, Health and Safety Code Section 
17950 for State Housing Law and Health and Safety Code 
Section 13869.7 for Fire Protection Districts. See Section 
1.1.8 of this code. 


1.1.5 Referenced Codes. The codes, standards and publica- 
tions adopted and set forth in this code, including other codes, 
standards, and publications referred to therein are, by title 
and date of publication, hereby adopted as standard refer- 
ence documents of this code. When this code does not specif- 
ically cover any subject related to building design and 
construction, recognized architectural, or engineering prac- 
tices shall be employed. The National Fire Codes, standards, 
and the Fire Protection Handbook of the National Fire 
Protection Association are permitted to be used as authori- 
tative guides in determining recognized fire prevention engi- 
neering practices. 


1.1.6 NonBuilding Standards, Orders and Regulations. 
Requirements contained in the Uniform Mechanical Code, or 
in any other referenced standard, code or document, which 
are not building standards as defined in Health and Safety 
Code Section 18909, shall not be construed as part of the 
provisions of this code. For nonbuilding standards, orders, 
and regulations, see other titles of the California Code of 
Regulations. 


1.1.7 Order of Precedence and Use. 


1.1.7.1 Differences. In the event of any differences 
between these building standards and the standard refer- 
ence documents, the text of these building standards shall 
govern. 


1.1.7.2 Specific Provisions. Where a specific provision 
varies from a general provision, the specific provision 
shall apply. 


1.1.7.3 Conflicts. When the requirements of this code 
conflict with the requirements of any other part of the 
California Building Standards Code, Title 24, the most 
restrictive requirements shall prevail. 


1.1.7.3.1 Detached One- and Two-Family Dwellings. 
Detached one- and two-family dwellings, efficiency || 
dwelling units, lodging houses, live/work units, 
townhouses not more than three stories above grade 
plane in height with a separate means of egress, and 
their accessory structures, shall not be required to 
comply with the California Residential Code if 
constructed in accordance with the California 
Building Code. 
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1.1.8 City, County, or City and County Amendments, Additions 
or Deletions. The provisions of this code do not limit the 
authority of city, county, or city and county governments to 
establish more restrictive and reasonably necessary differences 
to the provisions contained in this code pursuant to complying 
with Section 1.1.8.1. The effective date of amendments, addi- 
tions, or deletions to this code by a city, county, or city and 
county filed pursuant to Section 1.1.8.1 shall be the date filed. 
However, in no case shall the amendments, additions, or dele- 
tions to this code be effective any sooner than the effective date 
of this code. 


Local modifications shall comply with Health and Safety 
Code Section 18941.5 for Building Standards Law, Health 
and Safety Code Section 17958 for State Housing Law or 
Health and Safety Code Section 13869.7 for Fire Protection 
Districts. 


1.1.8.1 Findings and Filings. 


(1) The city, county, or city and county shall make 
express findings for each amendment, addition, or 
deletion based upon climatic, topographical, or 
geological conditions. 


Exception: Hazardous building ordinances and 
programs mitigating unreinforced masonry build- 
ings. 

(2) The city, county, or city and county shall file the 
amendments, additions or deletions expressly 
marked and identified as to the applicable findings. 
Cities, counties, cities and counties, and fire depart- 
ments shall file the amendments, additions, or dele- 
tions, and the findings with the California Building 
Standards Commission at 2525 Natomas Park 
Drive, Suite 130, Sacramento, CA 95833. 


(3) Findings prepared by fire protection districts shall 
be ratified by the local city, county, or city and 
county and filed with the California Department of 
Housing and Community Development, Division of 
Codes and Standards, P.O. Box 278180, Sacra- 
mento, CA 95827-8180 or 9342 Tech Center Drive, 
Suite 500, Sacramento, CA, 95826-2582. 


1.1.8.2 California Energy Code Requirements for 
Locally Adopted Energy Standards. In addition to the 
provisions of Section 1.1.8.1 of this part, local jurisdic- 
tions that adopt changes to energy conservation or insu- 
lation standards (including energy efficiency measures) 
may not enforce such changes until the California Energy 
Commission has made the findings required by Public 
Resources Code Section 25402.1(h)(2), following the 
process specified in Section 10-106 of the California 
Administrative Code. 


1.1.9 Effective Date of This Code. Only those standards 
approved by the California Building Standards Commission 
that are effective at the time an application for building 
permit is submitted shall apply to the plans and specifications 
for, and to the construction performed under, that permit. For 
the effective dates of the provisions contained in this code, 
see the History Note page of this code. 
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Exceptions: 


(1) [HCD 1 & HCD 2] Retroactive permits issued in accor- 
dance with Health and Safety Code Section 17958.12. 


(2) [HCD 1 & HCD 2] Plans approved by the Department of 
Housing and Community Development or a Department- 
approved design approval agency for factory-built housing 
as defined by Health and Safety Code Section 19971. 
Approved plans, pursuant to the California Code of Regu- 
lations, Title 25, Division 1, Chapter 3, Subchapter 1, 
Article 3, Section 3037 remain valid for a period of 36 || 
months from the date of plan approval. 


1.1.10 Availability of Codes. At least one complete copy each 
of Titles 8, 19, 20, 24, and 25 with all revisions shall be main- 
tained in the office of the building official responsible for the 
administration and enforcement of this code. Each state 
department concerned and each city, county, or city and 
county shall have an up-to-date copy of the code available 
for public inspection, see Health and Safety Code Section 
18942(e)(1) and (2). 

1.1.11 Format. This part fundamentally adopts the Uniform 
Mechanical Code by reference on a chapter-by-chapter basis. 
When a specific chapter of the Uniform Mechanical Code is 
not printed in the code and is marked “Reserved”, such 
chapter of the Uniform Mechanical Code is not adopted as a 
portion of this code. When a specific chapter of the Uniform 
Mechanical Code is marked “Not adopted by the State of 
California” but appears in the code, it may be available for 
adoption by local ordinance. 


Note: Matrix Adoption Tables at the front of each chapter 
may aid the code user in determining which chapter or 
sections within a chapter are applicable to buildings under 
the authority of a specific state agency, but they are not to be 
considered regulatory. 


1.1.12 Validity. If any chapter, section, subsection, sentence, 
clause, or phrase of this code is for any reason held to be 
unconstitutional, contrary to statute, exceeding the authority 
of the state as stipulated by statutes or otherwise inoperative, 
such decision shall not affect the validity of the remaining 
portion of this code. 


1.2.0 Building Standards Commission. 


1.2.1 BSC. Specific scope of application of the agency 
responsible for enforcement, the enforcement agency, and the 
specific authority to adopt and enforce such provisions of this 
code, unless otherwise stated. 


(1) State Buildings for All Occupancies. 


Application — State buildings (all occupancies), 
including buildings constructed by the Trustees of the 
California State University (CSU) and the Regents of the 
University of California (UC) where no state agency has 
the authority to adopt building standards applicable to 
such buildings. 

Enforcing Agency — State or local agency specified by 
the applicable provisions of law. 


Authority Cited — Health and Safety Code Section 
18934.5. 
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(2) 


(3) 


(4) 


Reference — Health and Safety Code, Division 13, Part 
2.5, commencing with Section 18901. 


University of California, California State Universities, 
and California Community Colleges. 


Application — Standards for lighting for parking lots and 
primary campus walkways at the University of Cali- 
fornia, California State Universities, and California 
Community Colleges. 


Enforcing Agency — State or local agency specified by 
the applicable provisions of law. 


Authority Cited — Government Code Section 14617. 
Reference — Government Code Section 14617. 


Existing State-Owned Buildings, including those 
owned by the University of California and by the Cali- 
fornia State University — Building seismic retrofit stan- 
dards including abating falling hazards of structural and 
nonstructural components and strengthening of building 
structures. See also Division of the State Architect. 


Enforcing Agency — State or local agency specified by 
the applicable provisions of law. 


Authority Cited — Government Code Section 16600. 


References — Government Code Sections 16600 through 
16604. 


Unreinforced Masonry Bearing Wall Buildings. 


Application — Minimum seismic strengthening standards 
for buildings specified in the California Existing Building 
Code, except for buildings subject to building standards 
adopted pursuant to Part 1.5 (commencing with Section 
17910). 


Enforcing Agency — State or local agency specified by 
the applicable provisions of law. 


Authority Cited — Health and Safety Code Section 
18934.7. 


References — Health and Safety Code Division 13, Part 
2.5 commencing with Sections 18901. 


1.2.1.1 State Building. For purposes of this code, a 
“state building” is a structure for which a state agency 
or state entity has authority to construct, alter, enlarge, 
replace, repair or demolish. 


1.2.1.2 Enforcement. [CSU, UC, Judicial Council and 
California Department of Corrections Rehabilitation] 
state agencies or state entities authorized to construct 
state buildings may appoint a building official who is 
responsible to the agency for enforcement of the provi- 
sions of the California Building Standards Code. 


Exception: State buildings regulated by other sections 
of this code remain the enforcement responsibility of the 
designated entities. 

1.2.1.3 Enforcement, Reserved for DGS. 

1.2.1.4 Adopting Agency Identification. The provisions 
of this code applicable to buildings identified in this 
section will be identified in the Matrix Adoption Tables 
under the acronym BSC. 


1.2.2 BSC-CG. Specific scope of application of the agency 
responsible for enforcement, the enforcement agency, and the 
specific authority to adopt and enforce such provisions of this 
code, unless otherwise stated. 


(1) Green Building Standards for Nonresidential Occu- 
pancies. 


Application — All occupancies where no other state 
agency has the authority to adopt green building stan- 
dards applicable to those occupancies. 


Enforcing Agency — State or local agency specified by 
the applicable provisions of law. 


Authority Cited — Health and Safety Code Sections 
18930.5, 18938 and 18940.5. 


Reference — Health and Safety Code, Division 13, Part 
2.5, commencing with Section 18901. 


(2) Graywater Systems for Nonresidential Occupancies. 


Application — The construction, installation, and alter- 
ation of graywater systems for indoor and outdoor uses 
in nonresidential occupancies. 


Enforcing Agency — State or local agency specified by 
the applicable provisions of law. 


Authority Cited — Health & Safety Code Section 
18941.8. 


Reference — Health & Safety Code Section 18941.8. 


1.2.3 Alternative Materials, Design, and Methods of 
Construction and Equipment. The provisions of this code are 
not intended to prevent the installation of any material or to 
prohibit any design or method of construction not specifically 
prescribed by this code, provided that any such alternative has 
been approved. An alternative material, design, or method of 
construction shall be approved where the building official finds 
that the proposed design is satisfactory and complies with the 
intent of the provisions of this code, and that the material, 
method or work offered is, for the purpose intended, at least the 
equivalent of that prescribed in this code in quality, strength, 
effectiveness, fire resistance, durability and safety. 


1.2.3.1 Research Reports. Supporting data, where neces- 
sary to assist in the approval of materials or assemblies 
not specifically provided for in this code, shall consist of 
valid research reports from approved sources. 


1.2.3.2 Tests. Whenever there is insufficient evidence of 
compliance with the provisions of this code, or evidence 
that a material or method does not conform to the require- 
ments of this code, or in order to substantiate claims for 
alternative materials or methods, the building official shall 
have the authority to require tests as evidence of compli- 
ance to be made at no expense to the jurisdiction. Test 
methods shall be as specified in this code or by other recog- 
nized test standards. In the absence of recognized and 
accepted test methods, the building official shall approve 
the testing procedures. Tests shall be performed by an 
approved agency. Reports of such tests shall be retained by 
the building official for the period required for retention of 
public records. 
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1.3.0 Reserved for Board of State and Community Correc- 
tions. 


1.4.0 Department of Consumer Affairs. 


1.4.1 Specific scope of application of the agency responsible 
for enforcement, the enforcement agency, and the specific 
authority to adopt and enforce such provisions of this code, 
unless otherwise stated. 


Board of Pharmacy. 
Application — Pharmacies. 


Enforcing Agency — State or local agency specified by 
applicable provisions of law. 


Authority Cited — Business and Professions Code Section 
4005. 


References — Business and Professions Code Sections 
4005, 4127.7, and 4201. 


1.4.2 Adopting Agency Identification. The provisions of this 
code applicable to buildings identified in this section will be 
identified in the Matrix Adoption Tables under the acronym 
CA. 


1.5.0 Reserved for California Energy Commission. 
1.6.0 Reserved for Department of Food and Agriculture. 


1.7.0 California Department of Public Health. 


1.7.1 Specific scope of application of the agency responsible 
for enforcement, the enforcement agency, and the specific 
authority to adopt and enforce such provisions of this code, 
unless otherwise stated. 


Department of Public Health. 
Application — Food establishments. 


Enforcing Agency — Department of Health Services and 
the local health agency. 


Authority Cited — Health and Safety Code Sections 
110065, 113710, and 131200. 


References — Health and Safety Code Sections 110065, 
113705, 114140, and 131200. 


1.7.2 Adopting Agency Identification. The provisions of this 
code applicable to buildings identified in this section will be 
identified in the Matrix Adoption Tables under the acronym 
DPT 


1.8.0 Department of Housing and Community Development 
[HCD]. 

1.8.1 Purpose. The purpose of this code is to establish the 
minimum requirements necessary to protect the health, safety, 
and general welfare of the occupants and the public by 
governing the erection, construction, reconstruction, enlarge- 
ment, conversion, alteration, repair, moving, removal, demo- 
lition, ventilation, and maintenance or use of heating, 
ventilating, cooling, refrigeration systems, incinerators, and 
other miscellaneous heat-producing appliances. 
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1.8.2 Authority and Abbreviations. 


1.8.2.1 General. The Department of Housing and 
Community Development is authorized by law to prom- 
ulgate and adopt building standards and regulations for 
several types of building applications. The applications 
under the authority of the Department of Housing and 
Community Development are listed in Sections 1.8.2.1.1 
through 1.8.2.1.3. 


1.8.2.1.1 Housing Construction. 


Application — Hotels, motels, lodging houses, apart- 
ments, dwellings, dormitories, condominiums, shel- 
ters for homeless persons, congregate residences, 
employee housing, factory-built housing, and other 
types of dwellings containing sleeping accommoda- 
tions with or without common toilet or cooking facil- 
ities including accessory buildings, facilities, and 
uses thereto. Sections of this code which pertain to 
applications listed in this section are identified using 
the abbreviation “HCD 1”. 


Enforcing Agency — Local building department or 
the Department of Housing and Community Devel- 
opment. 


Authority Cited — Health and Safety Code Sections 
17040, 17920.9, 17921, 17921.5, 17921.6, 17921.10, 
T7922 9ST P9220, T7922. I2OV9 922 T4017922.15, 
17926, 17927, 17928, 17958.12, 18938.3, 18944. 11, 
and 19990; and Government Code Section 12955. 1. 


References — Business and Professions Code Divi- 
sion 5; Health and Safety Code Sections 17000 
through 17062.5, 17910 through 17995.5, 18200 
through 18700, 18860 through 18874, 18938.6, 
18941, 19890, 19891, 19892 and 19960 through 
19997; Civil Code Sections 832, 1101.4, 1101.5, 
1954.201, 1954.202 and 5551; and Government 
Code Sections 8698.4, 12955.1 and 12955.1.1. Cali- 
fornia Code of Regulations, Title 20, Sections 
1605.1, 1605.3 and 1607. 


1.8.2.1.2 Housing Accessibility. 


Application — Covered multifamily dwellings as 
defined in Chapter 2 of the California Code of Regu- 
lations, Title 24, Part 2, also known as the California 
Building Code including, but not limited to, lodging 
houses, dormitories, timeshares, condominiums, shel- 
ters for homeless persons, congregate residences, 
apartments, dwellings, employee housing, factory- 
built housing, and other types of dwellings containing 
sleeping accommodations with or without common 
toilet or cooking facilities. 


Sections of this code identified by the abbrevia- 
tion “HCD 1-AC” require specific accommodations 
for persons with disabilities as defined in Chapter 2 
of the California Building Code. The application of 
such provisions shall be in conjunction with other 
requirements of this code and apply only to newly- 
constructed covered multifamily dwellings as defined 
in Chapter 2 of the California Building Code. “HCD 
1-AC” applications include, but are not limited to, the 
following: 
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(1) All newly-constructed covered multifamily 
dwellings as defined in Chapter 2 of the Cali- 
fornia Building Code. 


(2) New common use areas as defined in Chapter 2 
of the California Building Code serving existing 
covered multifamily dwellings. 


(3) Additions to existing buildings, where the addi- 
tion alone meets the definition of covered multi- 
family dwellings as defined in Chapter 2 of the 
California Building Code. 


(4) New common use areas serving new covered 
multifamily dwellings. 

(5) Where any portion of a building ’s exterior is 
preserved, but the interior of the building is 
removed, including all structural portions of 
floors and ceilings, the building is considered a 
new building for determining the application of 
California Building Code, Chapter 11A. 


“HCD 1-AC” building standards generally do not 
apply to public use areas or public accommodations 
such as hotels and motels, and public housing. 
Public use areas, public accommodations, and 
public housing, as defined in Chapter 2 of the Cali- 


fornia Building Code, are subject to the Division of 


the State Architect (DSA-AC) in Chapter 11B, and 
are referenced in Section 1.9.1. 


Newly constructed covered multifamily dwellings, 
which can also be defined as public housing, shall be 
subject to the requirements of Chapter 11A and 
Chapter 11B. 


Enforcing Agency — Local building department or 
the Department of Housing and Community Devel- 
opment. 


Authority Cited — Health and Safety Code Sections 
17040, 17920 Dron l 7921 2 oh 7924 Darl 7921.06, 
1792110) A792 20017922:6 A 79OD2 1 2] 792 DN, 
17926, 17927, 17928, 17958.12, 18938.3, 18944. 11, 
and 19990; and Government Code Section 12955.1 
and 12955.1.1. 


References — Health and Safety Code Sections 
17000 through 17062.5, 17910 through 17995.5, 
18200 through 18700, 18860 through 18874, 
18938.6, 18941 and 19960 through 19997; Civil 
Code Sections 1101.4, 1101.5, 1954.201, 1954.202; 
and Government Code Sections 12955.1 and 
12955.1.1. California Code of Regulations, Title 20, 
Sections 1605.1, 1605.3 and 1607. 


1.8.2.1.3 Permanent Buildings in Mobilehome 
Parks and Special Occupancy Parks. 


Application — Permanent buildings, and permanent 
accessory buildings or structures, constructed 
within mobilehome parks and special occupancy 
parks that are under the control and ownership of 
the park operator. Sections of this code which 
pertain to applications listed in this section are iden- 
tified using the abbreviation “HCD 2”. 


Enforcing Agency — The Department of Housing 
and Community Development, local building depart- 
ment or other local agency that has assumed respon- 
sibility for the enforcement of Health and Safety 
Code, Division 13, Part 2.1, commencing with 
Section 18200 for mobilehome parks and Health and 
Safety Code, Division 13, Part 2.3, commencing with 
Section 18860 for special occupancy parks. 


Authority Cited — Health and Safety Code Sections 
17040, 179209," “1792192 Gs WET 9216, 
L792 1A Oph 7 922 1 (9226922 12 le G2 1d, 
17922.15, 17926, 17927, 17928, 17958.12, 18552, \| 
18554, 18620, 18630, 18640, 18670, 18690, 18691, 
18865, 18871.3, 18871.4, 18873, 18873.1 through 
18873.5, 18938.3, 18944.11, and 19990; and 
Government Code Section 12955.1. 


References — Health and Safety Code Sections 
17000 through 17062.5, 17910 through 17995.5, 
18200 through 18700, 18860 through 18874, 
18938.6, 18941, 19890, 19891, 19892 and 19960|| 
through 19997, Civil Code Sections 1101.4, 1101.5 
and 1954.201; and Government Code Sections 
12955.1 and 12955.1.1. California Code of Regula- 
tions, Title 20, Sections 1605.1, 1605.3 and 1607; 
and Title 25, Sections 1042 and 2042. 


1.8.3 Local Enforcing Agency. 


1.8.3.1 Duties and Powers. The building department of 
every city, county, or city and county shall enforce all the 
provisions of law, this code, and the other rules and regu- 
lations promulgated by the Department of Housing and 
Community Development pertaining to the installation, 
erection, construction, reconstruction, movement, 
enlargement, conversion, alteration, repair, removal, 
demolition, or arrangement of apartments, condo- 
miniums, hotels, motels, lodging houses, and dwellings, 
including accessory buildings, facilities, and uses thereto. 


The provisions regulating the erection and construc- 
tion of dwellings and appurtenant structures shall not 
apply to existing structures as to which construction is 
commenced or approved prior to the effective date of 
these regulations. Requirements relating to use, mainte- 
nance, and occupancy shall apply to all dwellings and 
appurtenant structures approved for construction or 
constructed before or after the effective date of this code. 


For additional information regarding the use and 
occupancy of existing buildings and appurtenant structures, 
see California Code of Regulations, Title 25, Division 1, 
Chapter 1, Subchapter 1, commencing with Section 1. 


1.8.3.2 Laws, Rules, and Regulations. Other than the 
building standards contained in this code, and notwith- 
standing other provisions of law, the statutory authority 
and location of the laws, rules, and regulations to be 
enforced by local enforcing agencies are listed by statute 
in Sections 1.8.3.2.1 through 1.8.3.2.5. 


1.8.3.2.1 State Housing Law. Refer to the State 
Housing Law, California Health and Safety Code, 
Division 13, Part 1.5, commencing with Section 
17910, and California Code of Regulations, Title 25, 
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Division 1, Chapter 1, Subchapter 1, commencing 
with Section 1, for the erection, construction, recon- 
struction, movement, enlargement, conversion, alter- 
ation, repair, removal, demolition, or arrangement of 
apartments, condominiums, hotels, motels, lodging 
houses, and dwellings, including accessory buildings, 
facilities, and uses thereto. 


1.8.3.2.2 Mobilehome Parks Act. Refer to the 
Mobilehome Parks Act, California Health and 
Safety Code, Division 13, Part 2.1, commencing 
with Section 18200 and California Code of Regula- 
tions, Title 25, Division I, Chapter 2, commencing 
with Section 1000 for mobilehome park administra- 
tive and enforcement authority, permits, plans, fees, 
violations, inspections, and penalties both within 
and outside mobilehome parks. 

Exception: Mobilehome parks where the Depart- 
ment of Housing and Community Development is the 
enforcing agency. 

1.8.3.2.3 Special Occupancy Parks Act. Refer to the 
Special Occupancy Parks Act, California Health and 
Safety Code, Division 13, Part 2.3, commencing with 
Section 18860 and California Code of Regulations, 
Title 25, Division 1, Chapter 2.2, commencing with 
Section 2000 for special occupancy park administra- 
tive and enforcement authority, permits, fees, viola- 
tions, inspections, and penalties both within and 
outside of special occupancy parks. 

Exception: Special occupancy parks where the 
Department of Housing and Community Develop- 
ment is the enforcing agency. 

1.8.3.2.4 Employee Housing Act. Refer to the 
Employee Housing Act, California Health and 
Safety Code, Division 13, Part 1, commencing with 
Section 17000 and California Code of Regulations, 
Title 25, Division 1, Chapter 1, Subchapter 3, 
commencing with Section 600 for employee housing 
administrative and enforcement authority, permits, 
fees, violations, inspections, and penalties. 
1.8.3.2.5 Factory-Built Housing Law. Refer to the 
Factory-Built Housing Law, California Health and 
Safety Code, Division 13, Part 6, commencing with 
Section 19960 and California Code of Regulations, 
Title 25, Division I, Chapter 3, Subchapter 1, 
commencing with Section 3000 for factory-built 
housing administrative and enforcement authority, 
permits, fees, violations, inspections, and penalties. 


1.8.4 Permits, Fees, Applications, and Inspections. 


1.8.4.1 Permits. A written construction permit shall be 

obtained from the enforcing agency prior to the erection, 

construction, reconstruction, installation, relocation, or 

alteration of any mechanical system. 

Exceptions: 

(1) Work exempt from permits as specified in Chapter 
I, Administration, Division II, Section 104.2 Items 
(1) through (5) of this code. 

(2) Changes, alterations, or repairs of a minor nature not 
affecting structural features, egress, sanitation, safety, 
or accessibility as determined by the enforcing agency. 
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(3) Retroactive permits issued in accordance with Health 
and Safety Code Section 17958.12. 


Exemptions from permit requirements shall not be deemed 
to grant authorization for any work to be done in any 
manner in violation of other provisions of law or this code. 
1.8.4.2 Fees. Subject to other provisions of law, the 
governing body of any city, county, or city and county may 
prescribe fees to defray the cost of enforcement of rules 
and regulations promulgated by the Department of 
Housing and Community Development. The amount of 
the fees shall not exceed the amount reasonably neces- 
sary to administer or process permits, certificates, forms, 
or other documents, or to defray the costs of enforcement. 
For additional information, see State Housing Law, 
Health and Safety Code, Division 13, Part 1.5, Section 
17951 and California Code of Regulations, Title 25, Divi- 
sion 1, Chapter 1, Subchapter 1, Article 3, commencing 
with Section 6. 
1.8.4.3 Plan Review and Time Limitations. Subject to 
other provisions of law, provisions related to plan 
checking, prohibition of excessive delays, and contracting 
with or employment of private parties to perform plan 
checking are set forth in the State Housing Law, Health 
and Safety Code Section 17960.1, and for employee 
housing, in Health and Safety Code Section 17021. 
1.8.4.3.1 Retention of Plans. The building depart- 
ment of every city, county, or city and county shall 
maintain an official copy, microfilm, or electronic 
or other type of photographic copy of the plans of 
every building, during the life of the building, for 
which the department issued a building permit. 
Exceptions: 
(1) Single or multiple dwellings not more than two 
stories and basement in height. 
(2) Garages and other structures appurtenant to 
buildings listed in Exception 1. 
(3) Farm or ranch buildings appurtenant to build- 
ings listed in Exception 1. 
(4) Any one-story building where the span between 
bearing walls does not exceed 25 feet (7620 
mm), except a steel frame or concrete building. 
All plans for common interest developments as 
defined in Section 4100 of the California Civil Code 
shall be retained. For additional information 
regarding plan retention and reproduction of plans 
by an enforcing agency, see Health and Safety Code 
Sections 19850 through 19852. 
1.8.4.4 Inspections. Construction or work for which a 
permit is required shall be subject to inspection by the 
building official and such construction or work shall 
remain accessible and exposed for inspection purposes 
until approved. Approval as a result of an inspection 
shall not be construed to be an approval of a violation of 
the provisions of this code or other regulations of the 
Department of Housing and Community Development. 


1.8.5 Right of Entry for Enforcement. 


1.8.5.1 General. Subject to other provisions of law, offi- 
cers and agents of the enforcing agency may enter and 
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inspect public and private properties to secure compli- 
ance with the rules and regulations promulgated by the 
Department of Housing and Community Development. 
For limitations and additional information regarding 
enforcement, see the following: 


(1) For applications subject to State Housing Law as 
referenced in Section 1.8.3.2.1 of this code, refer to 
Health and Safety Code, Division 13, Part 1.5, 
commencing with Section 17910 and California 
Code of Regulations, Title 25, Division 1, Chapter 1, 
Subchapter 1, commencing with Section 1. 


(2) For applications subject to the Mobilehome Parks 
Act as referenced in Section 1.8.3.2.2 of this code, 
refer to Health and Safety Code, Division 13, Part 
2.1, commencing with Section 18200, and California 
Code of Regulations, Title 25, Division 1, Chapter 2, 
commencing with Section 1000. 


(3) For applications subject to the Special Occupancy 
Parks Act as referenced in Section 1.8.3.2.3 of this 
code, refer to Health and Safety Code, Division 13, 
Part 2.3, commencing with Section 18860, and Cali- 
fornia Code of Regulations, Title 25, Division 1, 
Chapter 2.2, commencing with Section 2000. 


(4) For applications subject to the Employee Housing 
Act as referenced in Section 1.8.3.2.4 of this code, 
refer to Health and Safety Code, Division 13, Part 1, 
commencing with Section 17000 and California 
Code of Regulations, Title 25, Division 1, Chapter 1, 
Subchapter 3, commencing with Section 600. 


(5) For applications subject to the Factory-Built Housing 
Law as referenced in Section 1.8.3.2.5 of this code, 
refer to Health and Safety Code, Division 13, Part 6, 
commencing with Section 19960 and California Code 
of Regulations, Title 25, Division 1, Chapter 3, 
Subchapter 1, commencing with Section 3000. 


1.8.6 Local Modification by Ordinance or Regulation. 
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1.8.6.1 General. Subject to other provisions of law, a city, 
county, or city and county may make changes to the provi- 
sions adopted by the Department of Housing and 
Community Development. If any city, county, or city and 
county does not amend, add, or repeal by local ordi- 
nances or regulations the provisions published in this 
code or other regulations promulgated by the Department 
of Housing and Community Development, those provi- 
sions shall be applicable and shall become effective 180 
days after publication by the California Building Stan- 
dards Commission. Amendments, additions, and deletions 
to this code adopted by a city, county, or city and county 
pursuant to California Health and Safety Code Sections 
17958.5, 17958.7 and 18941.5, together with all appli- 
cable portions of this code, shall also become effective 
180 days after publication of the California Building 
Standards Code by the California Building Standards 
Commission. 


1.8.6.2 Findings, Filings, and Rejections of Local 
Modifications. Prior to making any modifications or 
establishing more restrictive building standards, the 
governing body shall make express findings and filings, 


as required by California Health and Safety Code Section 
17958.7, showing that such modifications are reasonably 
necessary due to local climatic, geological, or topo- 
graphical conditions. No modification shall become 
effective or operative unless the following requirements 
are met: 


(1) The express findings shall be made available as a 
public record. 


(2) A copy of the modification and express finding, each 
document marked to cross-reference the other, shall 
be filed with the California Building Standards 
Commission for a city, county, or city and county, 
and with the Department of Housing and Commu- 
nity Development for fire protection districts. 

(3) The California Building Standards Commission has 
not rejected the modification or change. 

Nothing in this section shall limit the authority of fire 


protection districts pursuant to California Health and 
Safety Code Section 13869.7(a). 


1.8.7 Alternate Materials, Designs, Tests, and Methods of 
Construction. 


1.8.7.1 General. The provisions of this code as adopted 
by the Department of Housing and Community Develop- 
ment are not intended to prevent the use of any alternate 
material, appliance, installation, device, arrangement, 
design, or method of construction not specifically 
prescribed by this code. Consideration and approval of 
alternates shall comply with Section 1.8.7.2 for local 
building departments and Section 1.8.7.3 for the Depart- 
ment of Housing and Community Development. 


1.8.7.2 Local Building Departments. The building 
department of any city, county, or city and county may 
approve alternates for use in the erection, construction, 
reconstruction, movement, enlargement, conversion, 
alteration, repair, removal, demolition, or arrangement 
of apartments, condominiums, hotels, motels, lodging 
houses, dwellings, or accessory structures, except for the 
following: 
(1) Structures located in mobilehome parks as defined 
in California Health and Safety Code Section 18214. 


(2) Structures located in special occupancy parks as 
defined in California Health and Safety Code 
Section 18862.43. 


(3) Factory-built housing as defined in California 
Health and Safety Code Section 19971. 


1.8.7.2.1 Approval of Alternates. The consideration 
and approval of alternates by a local building 
department shall comply with the following proce- 
dures and limitations: 


(1) The approval shall be granted on a case-by- 
case basis. 

(2) Evidence shall be submitted to substantiate 
claims that the proposed alternate, in perform- 
ance, safety, and protection of life and health, 
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conforms to, or is at least equivalent to, the 
standards contained in this code and other rules 
and regulations promulgated by the Department 
of Housing and Community Development. 


(3) The local building department may require tests 
performed by an approved testing agency at the 
expense of the owner or owner 5 agent as proof 
of compliance. 


(4) If the proposed alternate is related to accessi- 
bility in covered multifamily dwellings or facili- 
ties serving covered multifamily dwellings as 
defined in Chapter 2 of the California Building 
Code, the proposed alternate must also meet the 
threshold set for equivalent facilitation as defined 
in Chapter 2 of the California Building Code. 


For additional information regarding approval 
of alternates by a local building department 
pursuant to the State Housing Law, see California 
Health and Safety Code Section 17951(e) and Cali- 
fornia Code of Regulations, Title 25, Division 1, 
Chapter 1, Subchapter 1. 


1.8.7.3 Department of Housing and Community Devel- 
opment. The Department of Housing and Community 
Development may approve alternates for use in the erec- 
tion, construction, reconstruction, movement, enlarge- 
ment, conversion, alteration, repair, removal, or 
demolition of apartments, condominiums, hotels, motels, 
lodging houses, dwellings, or accessory structures thereto, 
and permanent buildings in mobilehome parks and special 
occupancy parks. The consideration and approval of alter- 
nates shall comply with the following: 


(1) The department may require tests at the expense of 
the owner or owner s agent to substantiate compli- 
ance with the California Building Standards Code. 


(2) The approved alternate shall, for its intended 
purpose, be at least equivalent in performance and 
safety to the materials, designs, tests, or methods of 
construction prescribed by this code. 


1.8.8 Appeals Board. 


1.8.8.1 General. Every city, county, or city and county shall 
establish a process to hear and decide appeals of orders, 
decisions, and determinations made by the enforcing 
agency relative to the application and interpretation of this 
code and other regulations governing construction, use, 
maintenance and change of occupancy. The governing 
body of any city, county, or city and county may establish 
a local appeals board and a housing appeals board to serve 
this purpose. Members of the appeals board(s) shall not be 
employees of the enforcing agency and shall be knowl- 
edgeable in the applicable building codes, regulations and 
ordinances as determined by the governing body of the city, 
county, or city and county. 


Where no such appeals boards or agencies have been 
established, the governing body of the city, county, or city 
and county shall serve as the local appeals board or 
housing appeals board as specified in California Health 
and Safety Code Sections 17920.5 and 17920.6. 
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1.8.8.2 Definitions. The following terms shall for the 
purposes of this section have the meaning shown. 


Housing Appeals Board. The board or agency of a city, 
county, or city and county which is authorized by the 
governing body of the city, county, or city and county to 
hear appeals regarding the requirements of the city, 
county, or city and county relating to the use, mainte- 
nance, and change of occupancy of buildings and struc- 
tures, including requirements governing alteration, 
additions, repair, demolition, and moving. In any area in 
which there is no such board or agency, “Housing 
Appeals Board” means the local appeals board having 
Jurisdiction over the area. 


Local Appeals Board. The board or agency of a city, 
county, or city and county which is authorized by the 
governing body of the city, county, or city and county to 
hear appeals regarding the building requirements of the 
city, county, or city and county. In any area in which there 
is no such board or agency, “Local Appeals Board” 
means the governing body of the city, county, or city and 
county having jurisdiction over the area. 


1.8.8.3 Appeals. Except as otherwise provided by law, 
any person, firm, or corporation adversely affected by a 
decision, order, or determination by a city, county, or city 
and county relating to the application of building stan- 
dards published in the California Building Standards 
Code, or any other applicable rule or regulation adopted 
by the Department of Housing and Community Develop- 
ment, or any lawfully enacted ordinance by a city, county, 
or city and county, may appeal the issue for resolution 
to the local appeals board or housing appeals board as 
appropriate. 


The local appeals board shall hear appeals relating 
to new building construction and the housing appeals 
board shall hear appeals relating to existing buildings. 


1.8.9 Unsafe Buildings or Structures. 


1.8.9.1 Authority to Enforce. Subject to other provisions 
of law, the administration, enforcement, actions, proceed- 
ings, abatement, violations, and penalties for unsafe 
buildings and structures are contained in the following 
statutes and regulations: 


(1) For applications subject to the State Housing Law 
as referenced in Section 1.8.3.2.1 of this code, refer 
to Health and Safety Code, Division 13, Part 1.5, 
commencing with Section 17910 and California 
Code of Regulations, Title 25, Division 1, Chapter 1, 
Subchapter 1, commencing with Section 1. For 
enforcement related to accessory dwelling units, see 
Health and Safety Code Section 17980.12 operative 
until January 1, 2035. 


(2) For applications subject to the Mobilehome Parks 
Act as referenced in Section 1.8.3.2.2 of this code, 
refer to Health and Safety Code, Division 13, Part 
2.1, commencing with Section 18200 and California 
Code of Regulations, Title 25, Division 1, Chapter 2, 
commencing with Section 1000. 
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(3) For applications subject to the Special Occupancy 
Parks Act as referenced in Section 1.8.3.2.3 of this 
code, refer to Health and Safety Code, Division 13, 
Part 2.3, commencing with Section 18860 and Cali- 
fornia Code of Regulations, Title 25, Division 1, 
Chapter 2.2, commencing with Section 2000. 


(4) For applications subject to the Employee Housing 
Act as referenced in Section 1.8.3.2.4 of this code, 
refer to Health and Safety Code, Division 13, Part 1, 
commencing with Section 17000 and California 
Code of Regulations, Title 25, Division 1, Chapter 1, 
Subchapter 3, commencing with Section 600. 


(5) For applications subject to the Factory-Built Housing 
Law as referenced in Section 1.8.3.2.5 of this code, 
refer to Health and Safety Code, Division 13, Part 6, 
commencing with Section 19960 and California Code 
of Regulations, Title 25, Division 1, Chapter 3, 
Subchapter 1, commencing with Section 3000. 

1.8.9.2 Actions and Proceedings. Subject to other provi- 

sions of law, punishments, penalties, and fines for viola- 
tions of building standards are contained in the following 
statutes and regulations: 

(1) For applications subject to the State Housing Law 
as referenced in Section 1.8.3.2.1 of this code, refer 
to Health and Safety Code, Division 13, Part 1.5, 
commencing with Section 17910 and California 
Code of Regulations, Title 25, Division 1, Chapter 1, 
Subchapter 1, commencing with Section 1. 

(2) For applications subject to the Mobilehome Parks 
Act as referenced in Section 1.8.3.2.2 of this code, 
refer to Health and Safety Code, Division 13, Part 
2.1, commencing with Section 18200 and California 
Code of Regulations, Title 25, Division 1, Chapter 2, 
commencing with Section 1000. 

(3) For applications subject to the Special Occupancy 
Parks Act as referenced in Section 1.8.3.2.3 of this 
code, refer to Health and Safety Code, Division 13, 
Part 2.3, commencing with Section 18860 and Cali- 
fornia Code of Regulations, Title 25, Division 1, 
Chapter 2.2, commencing with Section 2000. 

(4) For applications subject to the Employee Housing 
Act as referenced in Section 1.8.3.2.4 of this code, 
refer to Health and Safety Code, Division 13, Part 1, 
commencing with Section 17000 and California 
Code of Regulations, Title 25, Division 1, Chapter 1, 
Subchapter 3, commencing with Section 600. 

(5) For applications subject to the Factory-Built Housing 
Law as referenced in Section 1.8.3.2.5 of this code, 
refer to Health and Safety Code, Division 13, Part 6, 
commencing with Section 19960 and California Code 
of Regulations, Title 25, Division 1, Chapter 3, 
Subchapter 1, commencing with Section 3000. 


1.8.10 Other Building Regulations. 
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1.8.10.1 Existing Structures. Notwithstanding other 
provisions of law, the replacement, retention, and exten- 
sion of original materials and the use of original methods 
of construction for any existing building or accessory 
structure, or portions thereof, shall be permitted in accor- 


dance with the provisions of this code and the California 
Existing Building Code, as adopted by the Department of 
Housing and Community Development. For additional 
information, see California Health and Safety Code, 

Sections 17912, 17920.3, 17922 and 17958.8. 


1.8.10.2 Moved Structures. Subject to the requirements of 
California Health and Safety Code Sections 17922, 

17922.3 and 17958.9, local ordinances or regulations 

relating to a moved residential building or accessory 
structure thereto, shall permit the replacement, retention, 

and extension of original materials and the use of original 
methods of construction so long as the structure does not 
become or continue to be a substandard building. 


1.9.0 Division of the State Architect. 


1.9.1 Reserved for the Division of the State Architect — 
Access Compliance. 


1.9.2 Division of the State Architect — Structural Safety. 


1.9.2.1 DSA-SS [Division of the State Architect — Struc- 
tural Safety]. 


Application — Public elementary and secondary schools, 
community college buildings, and state-owned or state- 
leased essential services buildings. 


Enforcing Agency — Division of the State Architect — 
Structural Safety (DSA-SS). 


The Division of the State Architect has been delegated 
the responsibility and authority by the Department of 
General Services to review and approve the design and 
oversee and observe the construction of public elementary 
and secondary schools, community colleges, and state- 
owned or state-leased essential services buildings. 


Authority Cited — Education Code Sections 17310 and 
81142, and Health & Safety Code Section 16022. 


References — Education Code Sections 17280 through 
17317 and 81130 through 81147, and Health & Safety 
Code Sections 16000 through 16023. 


1.9.2.1.1 Adopting Agency Identification. The provi- 
sions of this code applicable to buildings identified 
in this Subsection 1.9.2.1 will be identified in the 
Matrix Adoption Tables under the acronym DSA-SS. 


1.9.2.2 DSA-SS/CC [Division of the State Architect — 
Structural Safety/Community Colleges]. 


Application — Community Colleges. 


The Division of the State Architect has been delegated 
the authority by the Department of General Services to 
promulgate alternate building standards for application to 
community colleges, which a community college may elect 
to use in lieu of standards promulgated by DSA-SS, in 
accordance with Section 1.9.2.1. Refer to Title 24, Part 2, 
Section 1.9.2.2. 

Enforcing Agency — Division of the State Architect — 
Structural Safety/Community Colleges (DSA-SS/CC). 

The Division of the State Architect has been delegated 
the authority by the Department of General Services to 
review and approve the design and oversee and observe 
the construction of community colleges electing to use the 
alternative building standards as provided in this section. 
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Authority Cited — Education Code Section 81053. 


References — Education Code Sections 81052, 81053, 
and 81130 through 81147. 


1.9.2.2.1 Adopting Agency Identification. The provi- 
sions of this code applicable to buildings identified in 
this Subsection 1.9.2.2 will be identified in the Matrix 
Adoption Tables under the acronym DSA-SS/CC. 


1.10.0 Office of Statewide Health Planning and Develop- 
ment. 


1.10.1 OSHPD I and OSHPD IR. Specific scope of appli- 
cation of the agency responsible for enforcement, enforce- 
ment agency, specific authority to adopt and enforce such 
provisions of this code, unless otherwise stated. 


OSHPD 1 and OSHPD IR 


Application — [OSHPD 1] General acute-care 
hospital buildings. [OSHPD 1R] Non-conforming 
hospital SPC or freestanding buildings that have been 
removed from acute care service. 


Enforcing Agency — Office of Statewide Health Plan- 
ning and Development (OSHPD). The office shall 
enforce the Division of the State Architect access compli- 
ance regulations and the regulations of the Office of the 
State Fire Marshal for the above stated facility types. 


1.10.1.1 Applicable Administrative Standards: 


(1) Title 24, Part 1, California Code of Regulations: 
Chapters 6 and 7. 


(2) Title 24, Part 2, California Code of Regulations: 
Sections 1.1.0 and 1.10.0, Chapter 1, Division I, and 
as indicated in the adoption matrix for Chapter 1, 
Division II. 


1.10.1.2 Applicable Building Standards. California 
Building Standards Code, Title 24, Parts 2, 3, 4, 5, 6, 9, 
10 and 11. 


Authority Cited — Health and Safety Code Sections 
127010, 127015, 1275, and 129850. 


References — Health and Safety Code Sections 19958, 
127010, 127015, 129680, 1275, and 129675 through 
130070. 


1.10.1.3 Adopting Agency Identification. The provisions 
of this code applicable to buildings identified in this 
Subsection 1.10.1 will be identified in the Matrix Adop- 
tion Tables under the acronym OSHPD 1, and OSHPD 
IR. 
1.10.2 OSHPD 2. Specific scope of application of the agency 
responsible for enforcement, enforcement agency, specific 
authority to adopt and enforce such provisions of this code, 
unless otherwise stated. 
OSHPD 2 
Application — Skilled nursing facilities and intermediate 
care facility buildings. 
Enforcing Agency — Office of Statewide Health Plan- 
ning and Development (OSHPD). The office shall also 
enforce the Division of the State Architect access compli- 
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ance regulations and the regulations of the Office of the 
State Fire Marshal for the above stated facility type. 


1.10.2.1 Applicable Administrative Standards: 


(1) Title 24, Part 1, California Code of Regulations: 
Chapter 7. 


(2) Title 24, Part 2, California Code of Regulations: 
Sections 1.1.0 and 1.10.0, Chapter 1, Division I, and 
as indicated in the adoption matrix for Chapter 1, 
Division II. 


1.10.2.2 Applicable Building Standards. California 
Building Standards Code, Title 24, Parts 2, 3, 4, 5, 6, 9, 
10, and 11. 


Authority Cited — Health and Safety Code Sections 
127010, 127015, 1275, and 129850. 


References — Health and Safety Code Sections 127010, 
127015, 1275, and 129680. 


1.10.2.3 Adopting Agency Identification. The provisions 
of this code applicable to buildings identified in this 
Subsection 1.10.2 will be identified in the Matrix Adop- 
tion Tables under the acronym OSHPD 2. 


1.10.3 OSHPD 3. Specific scope of application of the agency 
responsible for enforcement, enforcement agency, specific 
authority to adopt and enforce such provisions of this code, 
unless otherwise stated. 


OSHPD 3 


Application — Licensed clinics and any freestanding 
building under a hospital license where outpatient clin- 
ical services are provided. 


Enforcing Agency — Local building department. 
1.10.3.1 Applicable Administrative Standards. 


(1) Title 24, Part 1, California Code of Regulations: 
Chapter 7. 


(2) Title 24, Part 2, California Code of Regulations: 
Sections 1.1.0 and 1.10.0, Chapter 1, Division I, and 
as indicated in the adoption matrix for Chapter 1, 
Division II. 


1.10.3.2 Applicable Building Standards. California 
Building Standards Code, Title 24, Parts 2, 3, 4, 5, 6, 9, 
10, and 11. 


Authority Cited — Health and Safety Code Sections 
127010, 127015, and 1226. 


References — Health and Safety Code Sections 127010, 
127015, 129885, and 1226, Government Code Section 
54350, and State Constitution Article 11 Section 7. 


1.10.3.3 Adopting Agency Identification. The provisions 
of this code applicable to buildings identified in this 
Subsection 1.10.3 will be identified in the Matrix Adop- 
tion Tables under the acronym OSHPD 3. 


1.10.4 OSHPD 4. Specific scope of application of the agency 
responsible for enforcement, enforcement agency, specific 
authority to adopt and enforce such provisions of this code, 
unless otherwise stated. 
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OSHPD 4 
Application — Correctional Treatment Centers. 


Enforcing Agency — Office of Statewide Health Plan- 
ning and Development (OSHPD). The Office shall also 
enforce the Division of the State Architect access compli- 
ance regulations and the regulations of the Office of the 
State Fire Marshal for the above stated facility types. 


1.10.4.1 Applicable Administrative Standards: 


(1) Title 24, Part 1, California Code of Regulations: 
Chapter 7. 


(2) Title 24, Part 2, California Code of Regulations: 
Sections 1.1.0 and 1.10.0, Chapter 1, Division I, and 
as indicated in the adoption matrix for Chapter 1, 
Division I. 


1.10.4.2 Applicable Building Standards. California 
Building Standards Code, Title 24, Parts 2, 3, 4, 5, 6, 9, 
10, and 11. 


Authority Cited — Health and Safety Code Sections 
127010, 127015, and 129790. 


References — Health and Safety Code Sections 127010, 
127015, 1275, and 129675 through 130070. 


1.10.4.3 Adopting Agency Identification. The provisions 
of this code applicable to buildings identified in this 
Subsection 1.10.4 will be identified in the Matrix Adop- 
tion Tables under the acronym OSHPD 4. 


1.10.5 OSHPD 5. Specific scope of application of the agency 
responsible for enforcement, enforcement agency and the 
specific authority to adopt and enforce such provisions of this 
code, unless otherwise stated. 
OSHPD 5 
Application — Acute psychiatric hospital buildings. 
Enforcing Agency — Office of Statewide Health Plan- 
ning and Development (OSHPD). The office shall also 
enforce the Division of the State Architect — Access 
Compliance regulations and the regulations of the Office 
of the State Fire Marshal for the above-stated facility 
types. 
1.10.5.1 Applicable Administrative Standards. 
(1) Title 24, Part 1, California Code of Regulations: 
Chapter 7. 
(2) Title 24, Part 2, California Code of Regulations: 
Sections 1.1.0 and 1.10.0, Chapter 1, Division I, and 
as indicated in the adoption matrix for Chapter 1, 
Division II. 
1.10.5.2 Applicable Building Standards. California 
Building Standards Code, Title 24, Parts 2, 3, 4, 5, 6, 9, 
10 and 11. 
Authority Cited — Health and Safety Code Sections 1275 
and 129850. 
References — Health and Safety Code Sections 129680, 
1275 and 129675 through 130070. 
1.10.5.3 Adopting Agency Identification. The provisions 
of this code applicable to buildings identified in this 
Subsection 1.10.5 will be identified in the Matrix Adop- 
tion Tables under the Acronym OSHPD 5. 
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1.11.0 Office of the State Fire Marshal. 


1.11.1 SFM — Office of the State Fire Marshal. Specific 
scope of application of the agency responsible for enforce- 
ment, the enforcement agency and the specific authority to 
adopt and enforce such provisions of this code, unless other- 
wise Stated. 

Application: 

Institutional, Educational, or any Similar Occupancy. Any 
building or structure used or intended for use as an asylum, 
Jail, prison, mental hospital, hospital, sanitarium, home for 
the elderly, children’s nursery, children’s home or institution, ] 
school, or any similar occupancy of any capacity. 


Authority Cited — Health and Safety Code Section 13143. 
Reference — Health and Safety Code Section 13143. 


Assembly or Similar Place of Assemblage. Any theater 
dancehall, skating rink, auditorium, assembly hall, meeting 
hall, nightclub, fair building or similar place of assemblage 
where 50 or more persons may gather together in a building, 
room or structure for the purpose of amusement, entertain- 
ment, instruction, deliberation, worship, drinking or dining, 
awaiting transportation, or education. 


Authority Cited — Health and Safety Code Section 13143. 
Reference — Health and Safety Code Section 13143. 


Small Family Day Care Homes. 


Authority Cited — Health and Safety Code Sections 1597.45, 
1597.54, 13143, and 17921. 


Reference — Health and Safety Code Section 13143. 


Large Family Day Care Homes. 


Authority Cited — Health and Safety Code Sections 1597.46, 
1597.54, and 17921. 


Reference — Health and Safety Code Section 13143. 


Residential Facilities and Residential Facilities for the 
Elderly. 


Authority Cited — Health and Safety Code Section 13133. 
Reference — Health and Safety Code Section 13143. 


Any State Institution, Other State-Owned or State-Occupied 
Building. 

Authority Cited — Health and Safety Code Section 13108. 
Reference — Health and Safety Code Section 13143. 


High-Rise Structures. 
Authority Cited — Health and Safety Code Section 13211. 
Reference — Health and Safety Code Section 13143. 


Motion Picture Production Studios. 
Authority Cited — Health and Safety Code Section 13143.1. 
Reference — Health and Safety Code Section 13143. 
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Organized Camps. 
Authority Cited — Health and Safety Code Section 18897. 3. 
Reference — Health and Safety Code Section 13143. 


Residential. All hotels, motels, lodging houses, apartment 
houses, and dwellings, including congregate residences and 
buildings and structures accessory thereto. Multiple-story 
structures existing on January 1, 1975, let for human habita- 
tion, including and limited to, hotels, motels and apartment 
houses, less than 75 feet (22 860 mm) above the lowest floor 
level having building access, wherein rooms used for sleeping 
are let above the ground floor. 

Authority Cited — Health and Safety Code Sections 13143.2 
and 17921. 


Reference — Health and Safety Code Section 13143. 


Residential Care Facilities. Certified family care homes, out- 
of-home placement facilities, halfway houses, drug and/or 
alcohol rehabilitation facilities and any building or structure 
used or intended for use as a home or institution for the housing 
of any person of any age when such person is referred to or 
placed within such home or institution for protective social care 
and supervision services by any governmental agency. 
Authority Cited — Health and Safety Code Section 13143.6. 


Reference — Health and Safety Code Section 13143. 


Tents, Awnings, or other Fabric Enclosures Used in Connec- 
tion with any Occupancy. 


Authority Cited — Health and Safety Code Section 13116. 
Reference — Health and Safety Code Section 13143. 


Fire Alarm Devices, Equipment, and Systems in Connection 
with any Occupancy. 


Authority Cited — Health and Safety Code Section 13114. 
Reference — Health and Safety Code Section 13143. 


Hazardous Materials. 
Authority Cited — Health and Safety Code Section 13143.9. 
Reference — Health and Safety Code Section 13143. 


Flammable and Combustible Liquids. 
Authority Cited — Health and Safety Code Section 13143.6. 
Reference — Health and Safety Code Section 13143. 


Public School Automatic Fire Detection, Alarm, and Sprin- 
kler Systems. 

Authority Cited — Health and Safety Code Section 13143 and 
California Education Code Article 7.5, Sections 17074.50, 
17074.52, and 17074.54. 

References — Government Code Section 11152.5, Health and 
Safety Code Section 13143 and California Education Code 
Chapter 12.5, Leroy F: Greene School Facilities Act of 1998, 
Article 1.w. 
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Wildland-Urban Interface Fire Area. 


Authority Cited — Health and Safety Code Sections 13143, 
13108.5(a), 18949.2(b), (c) and Government Code Section 
51189. 


References — Health and Safety Code Sections 13143, Govern- 
ment Code Sections 51176, 51177, 51178, and 51179 and Public 
Resources Code Sections 4201 through 4204. 


1.11.2 Duties and Powers of the Enforcing Agency. 
1.11.2.1 Enforcement. 


1.11.2.1.1 The responsibility for enforcement of 
building standards adopted by the State Fire Marshal 
and published in the California Building Standards 
Code relating to fire and panic safety and other regu- 
lations of the State Fire Marshal shall except as 
provided in Section 1,11.2.1.2 be as follows: 


(1) The city, county, or city and county with jurisdic- 
tion in the area affected by the standard or regu- 
lation shall delegate the enforcement of the 
building standards relating to fire and panic 
safety and other regulations of the State Fire 
Marshal as they relate to Group R-3 occupancies, 
as described in Section 310.1 of Part 2 of the 
California Building Standards Code, to either of 
the following: 

1.1. The chief of the fire authority of the city, 
county, or city and county, or an authorized 
representative. 


1.2. The chief building official of the city, county, 
or city and county, or an authorized repre- 
sentative. 


(2) The chief of any city or county fire department or 
of any fire protection district, and authorized 
representatives, shall enforce within the jurisdic- 
tion the building standards and other regulations 
of the State Fire Marshal, except those described 
in Item 1 or 4. 


(3) The State Fire Marshal shall have authority to 
enforce the building standards and other regula- 
tions of the State Fire Marshal in areas outside 
of corporate cities and districts providing fire 
protection services. 


(4) The State Fire Marshal shall have authority to 
enforce the building standards and other regula- 
tions of the State Fire Marshal in corporate cities 
and districts providing fire protection services on 
request of the chief fire official or the governing 
body. 

(5) Any fee charged pursuant to the enforcement 
authority of this section shall not exceed the 
estimated reasonable cost of providing the 
service for which the fee is charged pursuant to 
Section 66014 of the Government Code. 


1.11.2.1.2 Pursuant to Health and Safety Code 
Section 13108, and except as otherwise provided in 
this section, building standards adopted by the State 
Fire Marshal published in the California Building 
Standards Code relating to fire and panic safety 
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shall be enforced by the State Fire Marshal in all 
state-owned buildings, state-occupied buildings, and 
state institutions throughout the state. Upon the 
written request of the chief fire official of any city, 
county or fire protection district, the State Fire 
Marshal may authorize such chief fire official and 
his or her authorized representatives, in their 
geographical area of responsibility, to make fire 
prevention inspections of state-owned or state-occu- 
pied buildings, other than state institutions, for the 
purpose of enforcing the regulations relating to fire 
and panic safety adopted by the State Fire Marshal 
pursuant to this section and building standards 
relating to fire and panic safety published in the 
California Building Standards Code. Authorization 
from the State Fire Marshal shall be limited to those 
fire departments or fire districts which maintain a 
fire prevention bureau staffed by paid personnel. 


Pursuant to Health and Safety Code Section 
13108, any requirement or order made by any chief 
fire official who is authorized by the State Fire 
Marshal to make fire prevention inspections of state- 
owned or state-occupied buildings, other than state 
institutions, may be appealed to the State Fire 
Marshal. The State Fire Marshal shall, upon 
receiving an appeal and subject to the provisions of 
Chapter 5 (commencing with Section 18945) of Part 
2.5 of Division 13 of the Health and Safety Code, 
determine if the requirement or order made is 
reasonably consistent with the fire and panic safety 
regulations adopted by the State Fire Marshal and 
building standards relating to fire and panic safety 
published in the California Building Code. 


Any person may request a code interpretation 
from the State Fire Marshal relative to the intent of 
any regulation or provision adopted by the State 
Fire Marshal. When the request relates to a specific 
project, occupancy or building, the State Fire 
Marshal shall review the issue with the appropriate 
local enforcing agency prior to rendering such code 
interpretation. 


1.11,2.1.3 Pursuant to Health and Safety Code 
Section 13112, any person who violates any order, 
rule or regulation of the State Fire Marshal is guilty 
of a misdemeanor punishable by a fine of not less 
than $100.00 or more than $500.00, or by impris- 
onment for not less than six months, or by both. A 
person is guilty of a separate offense each day 
during which he or she commits, continues or 
permits a violation of any provision of, or any order, 
rule or regulation of, the State Fire Marshal as 
contained in this code. 


Any inspection authority who, in the exercise of 
his or her authority as a deputy State Fire Marshal, 
causes any legal complaints to be filed or any arrest 
to be made shall notify the State Fire Marshal imme- 
diately following such action. 


1.11.2.2 Right of Entry. The fire chief of any city, county, 
or fire protection district, or such persons authorized 
representative, may enter any State institution or any 
other state-owned or state-occupied building for the 
purpose of preparing a fire suppression preplanning 
program or for the purpose of investigating any fire in a 
state-occupied building. 


The State Fire Marshal, his or her deputies or 
salaried assistants, the chief of any city or county fire 
department or fire protection district and his or her 
authorized representatives may enter any building or 
premises not used for dwelling purposes at any reason- 
able hour for the purpose of enforcing this chapter. The 
owner, lessee, manager or operator of any such building 
or premises shall permit the State Fire Marshal, his or her 
deputies or salaried assistants and the chief of any city or 
county fire department or fire protection district and his 
or her authorized representatives to enter and inspect them 
at the time and for the purpose stated in this section. 


1.11.2.3 More Restrictive Fire and Panic Safety 
Building Standards. 


1.11.2.3.1 Any fire protection district organized 
pursuant to Health and Safety Code Part 2.7 
(commencing with Section 13800) of Division 12 may 
adopt building standards relating to fire and panic 
safety that are more stringent than those building 
standards adopted by the State Fire Marshal and 
contained in the California Building Standards Code. 
For these purposes, the district board shall be deemed 
a legislative body and the district shall be deemed a 
local agency. Any changes or modifications that are 
more stringent than the requirements published in the 
California Building Standards Code relating to fire 
and panic safety shall be subject to Section 1.1.8.1. 


1.11.2.3.2 Any fire protection district that proposes to 
adopt an ordinance pursuant to this section shall, not 
less than 30 days prior to noticing a proposed ordi- 
nance for public hearing, provide a copy of that ordi- 
nance, together with the adopted findings made 
pursuant to Section 1.11.2.3.1, to the city, county, or 
city and county where the ordinance will apply. The 
city, county, or city and county may provide the district 
with written comments, which shall become part of the 
fire protection district's public hearing record. 


1.11.2.3.3 The fire protection district shall transmit 
the adopted ordinance to the city, county, or city and 
county where the ordinance will apply. The legisla- 
tive body of the city, county, or city and county may 
ratify, modify or deny an adopted ordinance and 
transmit its determination to the district within 15 
days of the determination. Any modification or denial 
of an adopted ordinance shall include a written state- 
ment describing the reasons for any modifications or 
denial. No ordinance adopted by the district shall be 
effective until ratification by the city, county, or city 
and county where the ordinance will apply. Upon rati- 
fication of an adopted ordinance, the city, county, or 
city and county shall file a copy of the findings of the 
district, and any findings of the city, county, or city 


2022 CALIFORNIA MECHANICAL CODE 


and county, together with the adopted ordinance 
expressly marked and identified to which each finding 
refers, in accordance with Section 1.1.8.1, Item 3. 


1.11.2.4 Request for Alternate Means of Protection. 
Requests for approval to use an alternative material, 
assembly or materials, equipment, method of construction, 
method of installation of equipment or means of protec- 
tion shall be made in writing to the enforcing agency by 
the owner or the owner s authorized representative and 
shall be accompanied by a full statement of the conditions. 
Sufficient evidence or proof shall be submitted to substan- 
tiate any claim that may be made regarding its confor- 
mance. The enforcing agency may require tests and the 
submission of a test report from an approved testing 
organization as set forth in Title 19, California Code of 
Regulation, to substantiate the equivalency of the 
proposed alternative means of protection. 


When a request for alternate means of protection 
involves hazardous materials, the authority having juris- 
diction may consider implementation of the findings and 
recommendations identified in a Risk Management Plan 
(RMP) developed in accordance with Title 19, Division 2, 
Chapter 4.5, Article 3. 


Approval of a request for use of an alternative mate- 
rial, assembly of materials, equipment, method of 
construction, method of installation of equipment, or 
means of protection made pursuant to these provisions 
shall be limited to the particular case covered by request 
and shall not be construed as establishing any precedent 
for any future request. 


1.11.2.5 Appeals. When a request for an alternate means 
of protection has been denied by the enforcing agency, the 
applicant may file a written appeal to the State Fire 
Marshal for consideration of the applicant’ proposal. In 
considering such appeal, the State Fire Marshal may seek 
the advice of the State Board of Fire Services. The State 
Fire Marshal shall, after considering all of the facts 
presented, including any recommendations of the State 
Board of Fire Services, determine if the proposal is for the 
purposes intended, at least equivalent to that specified in 
these regulations in quality, strength, effectiveness, fire 
resistance, durability and safety, and shall transmit such 
findings and any recommendations to the applicant and to 
the enforcing agency. 


1.11.3 Construction Documents. 


1,11.3.1 Public Schools. Plans and specifications for the 
construction, alteration, or addition to any building owned, 
leased, or rented by any public school district shall be 
submitted to the Division of the State Architect. 

1.11.3.2 Movable Walls and Partitions. Plans or diagrams 
shall be submitted to the enforcing agency for approval 
before the installation of, or rearrangement of, any 
movable wall or partition in any occupancy. Approval shall 
be granted only if there is no increase in the fire hazard. 
1.11.3.3 New Construction High-Rise Buildings: 


(1) Complete plans or specifications, or both, shall be 
prepared covering all work required to comply with 
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new construction high-rise buildings. Such plans and 
specifications shall be submitted to the enforcing 
agency having jurisdiction. 

(2) All plans and specifications shall be prepared under 
the responsible charge of an architect or a civil or 
structural engineer authorized by law to develop 
construction plans and specifications, or by both such 
architect and engineer. Plans and specifications shall 
be prepared by an engineer duly qualified in that 
branch of engineering necessary to perform such serv- 
ices. Administration of the work of construction shall 
be under the charge of the responsible architect or 
engineer except that where plans and specifications 
involve alterations or repairs, such work of construc- 
tion may be administered by an engineer duly quali- 
fied to perform such services and holding a valid 
certificate under Chapter 7 (commencing with Section 
65700) of Division 3 of the Business and Professions 
Code for performance of services in that branch of 
engineering in which said plans, specifications and 
estimates and work of construction are applicable. 


This section shall not be construed as preventing the design 
of fire-extinguishing systems by persons holding a C-16 
license issued pursuant to Division 3, Chapter 9, Business 
and Professions Code. In such instances, however, the 
responsibility charge of this section shall prevail. 


1.11,3.4 Existing High-Rise Buildings: 


(1) Complete plans or specifications, or both, shall be 
prepared covering all work required by Section 3412 
for existing high-rise buildings. Such plans or specifi- 
cations shall be submitted to the enforcing agency 
having jurisdiction. 


(2) When new construction is required to conform with 
the provisions of these regulations, complete plans or 
specifications, or both, shall be prepared in accor- 
dance with the provisions of this subsection. As used in 
this section, “new construction” is not intended to 
include repairs, replacements or minor alterations 
which do not disrupt or appreciably add to or affect 
the structural aspects of the building. 


1.11.3.5 Retention of Plans. Refer to Building Standards 
Law, Health and Safety Code Sections 19850 and 19851 
for permanent retention of plans. 


1.11.4 Fees. 


1.11.4.1 Other Fees. Pursuant to Health and Safety Code 
Section 13146.2, a city, county, or district which inspects a 
hotel, motel, lodging house, or apartment house may 
charge and collect a fee for the inspection from the owner 
of the structure in an amount, as determined by the city, 
county or district, sufficient to pay its costs of that inspec- 
tion. 

1.11.4.2 Large Family Day Care. Pursuant to Health and 
Safety Code Section 1597.46, Large Family Day Care 
Homes, the local government shall process any required 
permit as economically as possible, and fees charged for 
review Shall not exceed the costs of the review and permit 
process. 
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1.11.4.3 High-Rise. Pursuant to Health and Safety Code 
Section 13217, High-rise Structure Inspection: Fees and 
costs, a local agency which inspects a high-rise structure 
pursuant to Health and Safety Code Section 13217 may 
charge and collect a fee for the inspection from the owner 
of the high-rise structure in an amount, as determined by 
the local agency, sufficient to pay its costs of that inspec- 
tion. 


1.11.4.4 Fire Clearance Preinspection. Pursuant to Health 
and Safety Code Section 13235, Fire Clearance Prein- 
spection fee, upon receipt of a request from a prospective 
licensee of a community care facility, as defined in Section 
1502, of a residential care facility for the elderly, as defined 
in Section 1569.2, or of a child day care facility, as defined 
in Section 1596.750, the local fire enforcing agency, as 
defined in Section 13244, or State Fire Marshal, whichever 
has primary jurisdiction, shall conduct a preinspection of 
the facility prior to the final fire clearance approval. At the 
time of the preinspection, the primary fire enforcing agency 
shall price consultation and interpretation of the fire safety 
regulations and shall notify the prospective licensee of the 
facility in writing of the specific fire safety regulations 
which shall be enforced in order to obtain fire clearance 
approval. A fee equal to, but not exceeding, the actual cost 
of the preinspection services may be charged for the prein- 
spection of a facility. 

1,11.4.5 Care Facilities. The primary fire enforcing agency 
shall complete the final fire clearance inspection for a 
community care facility, residential care facility for the 
elderly, or child day care facility within 30 days of receipt 
of the request for the final inspection, or as of the date the 
prospective facility requests the final prelicensure inspec- 
tion by the State Department of Social Services, whichever 
is later. 


Pursuant to Health and Safety Code Section 13235, a 
preinspection fee equal to, but not exceeding, the actual 
cost of the preinspection services may be charged for the 
preinspection of a facility. 

Pursuant to Health and Safety Code Section 13131.5, 
a reasonable final inspection fee, not to exceed the actual 
cost of inspection services necessary to complete a final 
inspection may be charged for occupancies classified as 
Residential Care Facilities for the Elderly (RCFE). 


Pursuant to Health and Safety Code Section 1569.84, 
neither the State Fire Marshal nor any local public entity 
shall charge any fee for enforcing fire inspection regula- 
tions pursuant to state law or regulation or local ordinance, 
with respect to Residential Care Facilities for the Elderly 
(RCFE) which service six or fewer persons. 


1.11.4.6 Requests of the Office of the State Fire Marshal. 
Whenever a local authority having jurisdiction requests 
that the State Fire Marshal perform plan review and/or 
inspection services related to a building permit, the appli- 
cable fees for such shall be payable to the Office of the 
State Fire Marshal. 


1.11.5 Inspections. Work performed subject to the provisions of 
this code shall comply with the inspection requirements of Title 
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24, Part 2, California Building Standards Code, Sections 109.1, 
109.3, 109.3.4, 109.3.5, 109.3.6, 109.3.8, 109.3.9, 109.3.10, 
109.5, and 109.6 as adopted by the Office of the State Fire 
Marshal. 


1.11.5.1 Existing Group I-1 or R Occupancies. Licensed 
24-hour care in a Group I-1 or R occupancy in existence 
and originally classified under previously adopted state 
codes shall be reinspected under the appropriate previous 
code, provided there is no change in the use or character 
which would place the facility in a different occupancy 
group. 

1.11.6 Certificate of Occupancy. A Certificate of Occupancy 

shall be issued as specified in Title 24, Part 2, California 

Building Code, Section 111. 


Exception: Certificates of occupancy are not required for work 
exempt from permits in accordance with Section 105.2 of the 
California Building Code. 


1.11.7 Temporary Structures and Uses. See Title 24, Part 2, 
California Building Code, Section 108. 


1.11.8 Service Utilities. See Title 24, Part 2, California Building 
Code, Section 112. 


1.11.9 Stop Work Order. See Title 24, Part 2, California Building 
Code, Section 115. 


1.11.10 Unsafe Buildings, Structures, and Equipment. See 
Title 24, Part 2, California Building Code, Section 116. 


1.11.11 Adopting Agency Identification. The provisions of this 
code applicable to buildings identified in this Section 1.11.0 will 
be identified in the Matrix Adoption Tables under the acronym 
SFM. 


1.12.0 Reserved for the State Librarian. 
1.13.0 Reserved for the Department of Water Resources. 


1.14.0 Reserved for the State Lands Commission. 
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101.0 General. 


101.1 Title. This document shall be known as the “Uniform 
Mechanical Code,” may be cited as such, and will be referred 
to herein as “this code.” 


101.2 Scope. The provisions of this code shall apply to the 
erection, installation, alteration, repair, relocation, replace- 
ment, addition to, use, or maintenance of mechanical systems 
within this jurisdiction. 

101.3 Purpose. This code is an ordinance providing mini- 
mum requirements and standards for the protection of the 
public health, safety, and welfare. 


101.4 Unconstitutional. Where a section, subsection, sen- 
tence, clause, or phrase of this code is, for a reason, held to be 
unconstitutional, such decision shall not affect the validity of 
the remaining portions of this code. The legislative body 
hereby declares that it would have passed this code, and each 
section, subsection, sentence, clause, or phrase thereof, irre- 
spective of the fact that one or more sections, subsections, 
sentences, clauses, and phrases are declared unconstitutional. 


101.5 Validity. Where a provision of this code, or the appli- 
cation thereof to a person or circumstance, is held invalid, the 
remainder of the code, or the application of such provision to 
other persons or circumstances, shall not be affected thereby. 


102.0 Applicability. 


102.1 Conflicts Between Codes. Where the requirements 
within the jurisdiction of this mechanical code conflict with 
the requirements of the plumbing code, the plumbing code 
shall prevail. In instances where this code, applicable stan- 
dards, or the manufacturer’s installation instructions conflict, 
the more stringent provisions shall prevail. Where there is a 
conflict between a general requirement and a specific require- 
ment, the specific requirement shall prevail. [OSHPD 1, 1R, 
2, 3, 4 & 5] See Chapter 1, Division I, Section 1.1.7 


102.2 Existing Installations. Mechanical systems law- 
fully in existence at the time of the adoption of this code shall 
be permitted to have their use, maintenance, or repair contin- 
ued where the use, maintenance, or repair is in accordance 
with the original design and location and no hazard to life, 
health, or property has been created by such mechanical sys- 
tem. 


102.3 Maintenance. Mechanical systems, materials, and 
appurtenances, both existing and new, of a premise under the 
Authority Having Jurisdiction shall be maintained in operat- 
ing condition. Devices or safeguards required by this code 
shall be maintained in accordance with the code edition under 
which installed. 


The owner or the owner’s designated agent shall be 
responsible for maintenance of mechanical systems. To deter- 
mine compliance with this subsection, the Authority Having 
Jurisdiction shall be permitted to cause a mechanical system 
to be reinspected. 
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102.3.1 Commercial HVAC Systems. Commercial 
HVAC systems both existing and new, and parts thereof 
shall be inspected and maintained in operating condition 
in accordance with ASHRAE/ACCA 180. The owner or 
the owner’s designated agent shall be responsible for 
maintenance of mechanical systems and equipment. To 
determine compliance with this subsection, the Author- 
ity Having Jurisdiction shall be permitted to cause a 
HVAC system to be reinspected. 


102.3.2 Residential HVAC Systems. Residential 
HVAC systems both existing and new, and parts thereof 
shall be inspected in accordance with ACCA 4 QM. The 
owner or the owner’s designated agent shall be respon- 
sible for maintenance of mechanical systems and equip- 
ment. To determine compliance with this subsection, the 
Authority Having Jurisdiction shall be permitted to cause 
a HVAC system to be reinspected. 


102.4 Additions, Alterations, Renovations, or 
Repairs. Additions, alterations, renovations, or repairs shall 
conform to that required for a new system without requiring 
the existing mechanical system to be in accordance with the 
requirements of this code. Additions, alterations, renovations, 
or repairs shall not cause an existing system to become 
unsafe, insanitary or overloaded. 


Additions, alterations, renovations, or repairs to existing 
mechanical system installations shall comply with the provi- 
sions for new construction, unless such deviations are found 
to be necessary and are first approved by the Authority Hav- 
ing Jurisdiction. 

102.5 Health and Safety. Where compliance with the pro- 
visions of this code fails to eliminate or alleviate a nuisance, 
or other dangerous or insanitary condition that involves health 
or safety hazards, the owner or the owner’s agent shall install 
such additional mechanical system facilities or shall make 
such repairs or alterations as ordered by the Authority Hav- 
ing Jurisdiction. 

102.6 Changes in Building Occupancy. Mechanical 
systems that are a part of a building or structure undergoing 
a change in use or occupancy, as defined in the building code, 
shall be in accordance with the requirements of this code that 
are applicable to the new use or occupancy. 


102.7 Moved Structures. Parts of the mechanical system of 
a building and part thereof that is moved from one foundation 
to another, or from one location to another, shall be in accor- 
dance with the provisions of this code for new installations 
and completely tested as prescribed elsewhere in this section 
for new work, except that walls or floors need not be removed 
during such test where equivalent means of inspection accept- 
able to the Authority Having Jurisdiction are provided. 


102.8 Appendices. The provisions in the appendices are 
intended to supplement the requirements of this code and 
shall not be considered part of this code unless formally 
adopted as such. 
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103.0 Duties and Powers of the Authority Having 
Jurisdiction. 


103.1 General. The Authority Having Jurisdiction shall be 
the Authority duly appointed to enforce this code. For such 
purposes, the Authority Having Jurisdiction shall have the 
powers of a law enforcement officer. The Authority Having 
Jurisdiction shall have the power to render interpretations of 
this code and to adopt and enforce rules and regulations sup- 
plemental to this code as deemed necessary in order to clar- 
ify the application of the provisions of this code. Such 
interpretations, rules, and regulations shall comply with the 
intent and purpose of this code. 


In accordance with the prescribed procedures and with 
the approval of the appointing authority, the Authority Hav- 
ing Jurisdiction shall be permitted to appoint such number of 
technical officers, inspectors, and other employees as shall 
be authorized from time to time. The Authority Having Juris- 
diction shall be permitted to deputize such inspectors or 
employees as necessary to carry out the functions of the code 
enforcement agency. 


The Authority Having Jurisdiction shall be permitted to 
request the assistance and cooperation of other officials of 
this jurisdiction so far as required in the discharge of the 
duties required by this code or other pertinent law or ordi- 
nance. 


103.2 Liability. The Authority Having Jurisdiction charged 
with the enforcement of this code, acting in good faith and 
without malice in the discharge of the Authority Having Juris- 
diction’s duties, shall not thereby be rendered personally 
liable for damage that accrues to persons or property as a 
result of an act or by reason of an act or omission in the dis- 
charge of such duties. A suit brought against the Authority 
Having Jurisdiction or employee because of such act or omis- 
sion performed in the enforcement of provisions of this code 
shall be defended by legal counsel provided by this jurisdic- 
tion until final termination of such proceedings. 


103.3 Applications and Permits. The Authority Having 
Jurisdiction shall be permitted to require the submission of 
plans, specifications, drawings, and such other information 
in accordance with the Authority Having Jurisdiction, prior to 
the commencement of, and at a time during the progress of, 
work regulated by this code. 


The issuance of a permit upon construction documents 
shall not prevent the Authority Having Jurisdiction from 
thereafter requiring the correction of errors in said construc- 
tion documents or from preventing construction operations 
being carried on thereunder where in violation of this code or 
of other pertinent ordinance or from revoking a certificate of 
approval where issued in error. 


103.3.1 Licensing. Provision for licensing shall be 
determined by the Authority Having Jurisdiction. 


103.4 Right of Entry. Where it is necessary to make an 
inspection to enforce the provisions of this code, or where the 
Authority Having Jurisdiction has reasonable cause to believe 
that there exists in a building or upon a premises a condition 
or violation of this code that makes the building or premises 
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unsafe, insanitary, dangerous, or hazardous, the Authority 
Having Jurisdiction shall be permitted to enter the building 
or premises at reasonable times to inspect or to perform the 
duties imposed upon the Authority Having Jurisdiction by 
this code, provided that where such building or premises is 
occupied, the Authority Having Jurisdiction shall present cre- 
dentials to the occupant and request entry. Where such build- 
ing or premises is unoccupied, the Authority Having 
Jurisdiction shall first make a reasonable effort to locate the 
owner or other person having charge or control of the build- 
ing or premises and request entry. Where entry is refused, the 
Authority Having Jurisdiction has recourse to every remedy 
provided by law to secure entry. 


Where the Authority Having Jurisdiction shall have first 
obtained an inspection warrant or other remedy provided by 
law to secure entry, no owner, occupant, or person having 
charge, care or control of a building or premises shall fail or 
neglect, after a request is made as herein provided, to 
promptly permit entry herein by the Authority Having Juris- 
diction for the purpose of inspection and examination pur- 
suant to this code. 


104.0 Permits. 


104.1 Permits Required. It shall be unlawful for a person, 
firm, or corporation to make an installation, alteration, repair, 
replacement, or remodel a mechanical system regulated by 
this code except as permitted in Section 104.2, or to cause the 
same to be done without first obtaining a separate mechani- 
cal permit for each separate building or structure. 


104.2 Exempt Work. A permit shall not be required for the 
following: 


(1) A portable heating appliance, portable ventilating equip- 
ment, a portable cooling unit, or a portable evaporative 
cooler. 


(2) A closed system of steam, hot, or chilled water piping 
within heating or cooling equipment regulated by this 
code. 


(3) Replacement of a component part that does not alter its 
original approval and is in accordance with other appli- 
cable requirements of this code. 


(4) Refrigerating equipment that is part of the equipment for 
which a permit has been issued pursuant to the require- 
ments of this code. 

(5) A unit refrigerating system. 

Exemption from the permit requirements of this code 
shall not be deemed to grant authorization for work to be done 
in violation of the provisions of the code or other laws or ordi- 
nances of this jurisdiction. 

104.3 Application for Permit. To obtain a permit, the 

applicant shall first file an application therefore in writing on 

a form furnished by the Authority Having Jurisdiction for that 

purpose. Such application shall: 

(1) Identify and describe the work to be covered by the per- 
mit for which application is made. 
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(2) 


(3) 
(4) 
(5) 


(6) 


Describe the land upon which the proposed work is to be 
done by legal description, street address, or similar 
description that will readily identify and definitely locate 
the proposed building or work. 


Indicate the use or occupancy for which the proposed 
work is intended. 


Be accompanied by construction documents and other 
data in accordance with Section 104.3.1. 


Be signed by the permittee or the permittee’s authorized 
agent. The Authority Having Jurisdiction shall be per- 
mitted to require evidence to indicate such authority. 


Give such other data and information in accordance with 
the Authority Having Jurisdiction. 


104.3.1 Construction Documents. Construction 
documents, engineering calculations, diagrams, and other 
data shall be submitted in two or more sets with each 
application for a permit. The construction documents, 
computations, and specifications shall be prepared by, 
and the mechanical system designed by, a registered 
design professional. Construction documents shall be 
drawn to scale with clarity to identify that the intended 
work to be performed is in accordance with the code. 


Exception: The Authority Having Jurisdiction shall be 
permitted to waive the submission of construction docu- 
ments, calculations, or other data where the Authority 
Having Jurisdiction finds that the nature of the work 
applied for is such that reviewing of construction docu- 
ments is not necessary to obtain compliance with the 
code. 


104.3.2 Plan Review Fees. Where a plan or other data 
is required to be submitted in accordance with Section 
104.3.1, a plan review fee shall be paid at the time of sub- 
mitting construction documents for review. 


The plan review fees for mechanical system work 
shall be determined and adopted by this jurisdiction. 


The plan review fees specified in this subsection are 
separate fees from the permit fees specified in Section 
104.5. 


Where plans are incomplete or changed so as to 
require additional review, a fee shall be charged at the 
rate shown in Table 104.5. 


104.3.3 Time Limitation of Application. Applica- 
tions for which no permit is issued within 180 days fol- 
lowing the date of application shall expire by limitation, 
plans and other data submitted for review thereafter, shall 
be returned to the applicant or destroyed by the Author- 
ity Having Jurisdiction. The Authority Having Jurisdic- 
tion shall be permitted to extend the time for action by 
the applicant for a period not to exceed 180 days upon 
request by the applicant showing that circumstances 
beyond the control of the applicant have prevented action 
from being taken. No application shall be extended more 
than once. In order to renew action on an application 
after expiration, the applicant shall resubmit plans and 
pay a new plan review fee. 
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104.4 Permit Issuance. The application, construction doc- 
uments, and other data filed by an applicant for a permit shall 
be reviewed by the Authority Having Jurisdiction. Such plans 
shall be permitted to be reviewed by other departments of this 
jurisdiction to verify compliance with applicable laws under 
their jurisdiction. Where the Authority Having Jurisdiction 
finds that the work described in an application for permit and 
the plans, specifications, and other data filed therewith are in 
accordance with the requirements of the code and other per- 
tinent laws and ordinances and that the fees specified in Sec- 
tion 104.5 have been paid, the Authority Having Jurisdiction 
shall issue a permit therefore to the applicant. 


104.4.1 Approved Plans or Construction Docu- 
ments. Where the Authority Having Jurisdiction issues 
the permit where plans are required, the Authority Hay- 
ing Jurisdiction shall endorse in writing or stamp the con- 
struction documents “APPROVED.” Such approved 
construction documents shall not be changed, modified, 
or altered without authorization from the Authority Hav- 
ing Jurisdiction, and the work shall be done in accor- 
dance with approved plans. 


The Authority Having Jurisdiction shall be permit- 
ted to issue a permit for the construction of a part of a 
mechanical system before the entire construction docu- 
ments for the whole system have been submitted or 
approved, provided adequate information and detailed 
statements have been filed in accordance with pertinent 
requirements of this code. The holder of such permit 
shall be permitted to proceed at the holder’s risk without 
assurance that the permit for the entire building, struc- 
ture, or mechanical system will be granted. 


104.4.2 Validity of Permit. The issuance of a permit or 
approval of construction documents shall not be con- 
strued to be a permit for, or an approval of, a violation of 
the provisions of this code or other ordinance of the juris- 
diction. No permit presuming to give authority to violate 
or cancel the provisions of this code shall be valid. 


The issuance of a permit based upon plans, specifi- 
cations, or other data shall not prevent the Authority 
Having Jurisdiction from thereafter requiring the correc- 
tion of errors in said plans, specifications, and other data 
or from preventing building operations being carried on 
thereunder where in violation of this code or of other 
ordinances of this jurisdiction. 


104.4.3 Expiration. A permit issued by the Authority 
Having Jurisdiction under the provisions of this code 
shall expire by limitation and become null and void 
where the work authorized by such permit is not com- 
menced within 180 days from the date of such permit, or 
where the work authorized by such permit is suspended 
or abandoned at a time after the work is commenced for 
a period of 180 days. Before such work is recommenced, 
a new permit shall first be obtained to do so, and the fee, 
therefore, shall be one-half the amount required for a new 
permit for such work, provided no changes have been 
made or will be made in the original construction docu- 
ments for such work, and provided further that such sus- 
pension or abandonment has not exceeded 1 year. 
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104.4.3.1 Expiration. [BSC] On or after January 
1, 2019, every permit issued shall become invalid 
unless the work on the site authorized by such per- 
mit is commenced within 12 months after its 
issuance or if the work authorized on the site by such 
permit is suspended or abandoned for a period of 
12 months after the time the work is commenced. 
The building official is authorized to grant, in writ- 
ing, one or more extensions of time, for periods not 
more than 180 days each. The extension shall be 
requested in writing and justifiable cause demon- 
strated. (See Health and Safety Code Section 
18938.5 and 18938.6). 


104.4.4 Extension. A permittee holding an unexpired 
permit shall be permitted to apply for an extension of the 
time within which work shall be permitted to commence 
under that permit where the permittee is unable to com- 
mence work within the time required by this section. The 
Authority Having Jurisdiction shall be permitted to 
extend the time for action by the permittee for a period 
not exceeding 180 days upon written request by the per- 
mittee showing that circumstances beyond the control of 
the permittee have prevented action from being taken. 
No permit shall be extended more than once. In order to 
renew action on a permit after expiration, the permittee 
shall pay a new full permit fee. 


104.4.5 Suspension or Revocation. The Authority 
Having Jurisdiction shall be permitted to, in writing, sus- 
pend or revoke a permit issued under the provisions of 
this code where the permit is issued in error or on the 
basis of incorrect information supplied or in violation of 
other ordinance or regulation of the jurisdiction. 


104.4.6 Retention of Plans. One set of approved con- 
struction documents and computations shall be retained 
by the Authority Having Jurisdiction until final approval 
of the work is covered therein. 


One set of approved construction documents, com- 
putations, and manufacturer’s installation instructions 
shall be returned to the applicant, and said set shall be 
kept on the site of the building or work at times during 
which the work authorized thereby is in progress. 


104.5 Fees. Fees shall be assessed in accordance with the 
provisions of this section and as set forth in the fee schedule, 
Table 104.5. The fees are to be determined and adopted by 
this jurisdiction. 
104.5.1 Work Commencing Before Permit 
Issuance. Where work for which a permit is required 
by this code has been commenced without first obtaining 
said permit, a special investigation shall be made before 
a permit is issued for such work. 


104.5.2 Investigation Fees. An investigation fee, in 
addition to the permit fee, shall be collected whether or 
not a permit is then or subsequently issued. The investi- 
gation fee shall be equal to the amount of the permit fee 
that is required by this code if a permit were to be issued. 
The payment of such investigation fee shall not exempt 
a person from compliance with other provisions of this 
code, nor from a penalty prescribed by law. 
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104.5.3 Fee Refunds. The Authority Having Jurisdic- 
tion shall be permitted to authorize the refunding of a fee 
as follows: 


(1) The amount paid hereunder that was erroneously 
paid or collected. 


(2) Refunding of not more than a percentage, as deter- 
mined by this jurisdiction where no work has been 
done under a permit issued in accordance with this 
code. 


The Authority Having Jurisdiction shall not author- 
ize refunding of a fee paid except upon written applica- 
tion filed by the original permittee not to exceed 180 days 
after the date of fee payment. 


105.0 Inspections and Testing. 


105.1 General. Mechanical systems for which a permit is 
required by this code shall be inspected by the Authority Hav- 
ing Jurisdiction. 

No mechanical system or portion thereof shall be cov- 
ered, concealed, or put into use until inspected and approved 
as prescribed in this code. Neither the Authority Having Juris- 
diction nor the jurisdiction shall be liable for expense entailed 
in the removal or replacement of material required to permit 
inspection. Mechanical systems regulated by this code shall 
not be connected to the energy fuel supply lines until author- 
ized by the Authority Having Jurisdiction. 


105.2 Required Inspections. New mechanical system 
work and such portions of existing systems as affected by new 
work, or changes, shall be inspected by the Authority Having 
Jurisdiction to ensure compliance with the requirements of 
this code and to ensure that the installation and construction 
of the mechanical system are in accordance with approved 
plans. The Authority Having Jurisdiction shall make the fol- 
lowing inspections and other such inspections as necessary. 
The permittee or the permittee’s authorized agent shall be 
responsible for the scheduling of such inspections as follows: 


(1) Underground inspection shall be made after trenches or 
ditches are excavated and bedded, piping installed, and 
before backfill is put in place. 


(2) Rough-in inspection shall be made prior to the installa- 
tion of wall or ceiling membranes. 


(3) Final inspection shall be made upon completion of the 
installation. 


105.2.1 Uncovering. Where a mechanical system, or 
part thereof, which is installed, altered, or repaired, is 
covered or concealed before being inspected, tested, and 
approved as prescribed in this code, it shall be uncovered 
for inspection after notice to uncover the work has been 
issued to the responsible person by the Authority Having 
Jurisdiction. The requirements of this section shall not 
be considered to prohibit the operation of mechanical 
systems installed to replace existing equipment serving 
an occupied portion of the building in the event a request 
for inspection of such equipment has been filed with the 
Authority Having Jurisdiction not more than 72 hours 
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after such replacement work is completed, and before a 
portion of such mechanical system is concealed by a per- 
manent portion of the building. 


105.2.2 Other Inspections. In addition to the inspec- 
tions required by this code, the Authority Having Juris- 
diction shall be permitted to require other inspections to 
ascertain compliance with the provisions of this code and 
other laws that are enforced by the Authority Having 
Jurisdiction. 


105.2.3 Inspection Requests. It shall be the duty of 
the person doing the work authorized by a permit to 
notify the Authority Having Jurisdiction that such work 
is ready for inspection. The Authority Having Jurisdic- 
tion shall be permitted to require that a request for 
inspection be filed not less than 1 working day before 
such inspection is desired. Such request shall be permit- 
ted to be made in writing or by telephone, at the option 
of the Authority Having Jurisdiction. 


It shall be the duty of the person requesting inspec- 
tions in accordance with this code to provide access to 
and means for inspection of such work. 


105.2.4 Advance Notice. It shall be the duty of the 
person doing the work authorized by the permit to notify 
the Authority Having Jurisdiction, orally or in writing 
that said work is ready for inspection. Such notification 
shall be given not less than 24 hours before the work is 
to be inspected. 


105.2.5 Responsibility. It shall be the duty of the 
holder of a permit to make sure that the work will stand 
the test prescribed before giving the notification. 


The equipment, material, and labor necessary for 
inspection or tests shall be furnished by the person to 
whom the permit is issued or by whom inspection is 
requested. 


105.2.6 Reinspections. A reinspection fee shall be 
permitted to be assessed for each inspection or reinspec- 
tion where such portion of work for which inspection is 
called is not complete or where required corrections have 
not been made. 


This provision shall not be interpreted as requiring 
reinspection fees the first time a job is rejected for fail- 
ure to be in accordance with the requirements of this 
code, but as controlling the practice of calling for inspec- 
tions before the job is ready for inspection or reinspec- 
tion. 


Reinspection fees shall be permitted to be assessed 
where the approved plans are not readily available to the 
inspector, for failure to provide access on the date for 
which the inspection is requested, or for deviating from 
plans requiring the approval of the Authority Having 
Jurisdiction. 


To obtain reinspection, the applicant shall file an 
application therefore in writing upon a form furnished 
for that purpose and pay the reinspection fee in accor- 
dance with Table 104.5. 
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In instances where reinspection fees have been 
assessed, no additional inspection of the work will be 
performed until the required fees have been paid. 


105.3 Testing of Systems. Mechanical systems shall be 
tested and approved in accordance with this code or the 
Authority Having Jurisdiction. Tests shall be conducted in 
the presence of the Authority Having Jurisdiction or the 
Authority Having Jurisdiction’s duly appointed representa- 
tive. 


No test or inspection shall be required where a mechan- 
ical system, or part thereof, is set up for exhibition purposes 
and has no connection with water or an energy fuel supply. In 
cases where it would be impractical to provide the required 
water or air tests, or for minor installations and repairs, the 
Authority Having Jurisdiction shall be permitted to make such 
inspection as deemed advisable in order to be assured that the 
work has been performed in accordance with the intent of this 
code. Joints and connections in the mechanical system shall 
be airtight, gastight, or watertight for the pressures required 
by the test. 


105.3.1 Defective Systems. In buildings or premises 
condemned by the Authority Having Jurisdiction because 
of an insanitary condition of the mechanical system, or 
part thereof, the alterations in such system shall be in 
accordance with the requirements of this code. 


105.3.2 Retesting. Where the Authority Having Juris- 
diction finds that the work will not pass the test, neces- 
sary corrections shall be made, and the work shall be 
resubmitted for test or inspection. 


105.3.3 Approval. Where prescribed tests and inspec- 
tions indicate that the work is in accordance with this code, 
a certificate of approval shall be issued by the Authority 
Having Jurisdiction to the permittee on demand. 


105.4 Connection to Service Utilities. No person shall 
make connections from a source of energy or fuel to a 
mechanical system or equipment regulated by this code and 
for which a permit is required until approved by the Author- 
ity Having Jurisdiction. The Authority Having Jurisdiction 
shall be permitted to authorize temporary connection of the 
mechanical system equipment to the source of energy or fuel 
for the purpose of testing the equipment. 


106.0 Violations and Penalties. 

106.1 General. It shall be unlawful for a person, firm, or 
corporation to erect, construct, enlarge, alter, repair, move, 
improve, remove, convert, demolish, equip, use, or maintain 
a mechanical system or permit the same to be done in viola- 
tion of this code. 

106.2 Notices of Correction or Violation. Notices of 
correction or violation shall be written by the Authority Hav- 
ing Jurisdiction and shall be permitted to be posted at the site 
of the work or mailed or delivered to the permittee or their 
authorized representative. 


Refusal, failure, or neglect to comply with such notice 
or order within 10 days of receipt thereof, shall be considered 
a violation of this code and shall be subject to the penalties set 
forth by the governing laws of the jurisdiction. 
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106.3 Penalties. A person, firm, or corporation violating a 
provision of this code shall be deemed guilty of a misde- 
meanor, and upon conviction thereof, shall be punishable by 
a fine, imprisonment, or both set forth by the governing laws 
of the jurisdiction. Each separate day or a portion thereof, dur- 
ing which a violation of this code occurs or continues, shall 
be deemed to constitute a separate offense. 


106.4 Stop Orders. Where work is being done contrary to 
the provisions of this code, the Authority Having Jurisdiction 
shall be permitted to order the work stopped by notice in writ- 
ing served on persons engaged in the doing or causing such 
work to be done, and such persons shall forthwith stop work 
until authorized by the Authority Having Jurisdiction to pro- 
ceed with the work. 


106.5 Authority to Disconnect Utilities in Emergen- 
cies. The Authority Having Jurisdiction shall have the 
authority to disconnect a mechanical system to a building, 
structure, or equipment regulated by this code in case of 
emergency where necessary to eliminate an immediate hazard 
to life or property. 


106.6 Authority to Condemn. Where the Authority Hav- 
ing Jurisdiction ascertains that a mechanical system or portion 
thereof, regulated by this code, has become hazardous to life, 
health, or property, or has become insanitary, the Authority 
Having Jurisdiction shall order in writing that such mechan- 
ical system either be removed or placed in a safe or sanitary 
condition. The order shall fix a reasonable time limit for com- 
pliance. No person shall use or maintain a defective mechan- 
ical system after receiving such notice. 


Where such mechanical system is to be disconnected, 
written notice shall be given. In cases of immediate danger 
to life or property, such disconnection shall be permitted to be 
made immediately without such notice. 


107.0 Board of Appeals. 


107.1 General. In order to hear and decide appeals of orders, 
decisions, or determinations made by the Authority Having 
Jurisdiction relative to the application and interpretations of 
this code, there shall be and is hereby created a Board of 
Appeals consisting of members who are qualified by experi- 
ence and training to pass upon matters pertaining to mechan- 
ical system design, construction, and maintenance and the 
public health aspects of mechanical systems and who are not 
employees of the jurisdiction. The Authority Having Juris- 
diction shall be an ex-officio member and shall act as secre- 
tary to said board but shall have no vote upon a matter before 
the board. The Board of Appeals shall be appointed by the 
governing body and shall hold office at its pleasure. The 
board shall adopt rules of procedure for conducting its busi- 
ness and shall render decisions and findings in writing to the 
appellant with a duplicate copy to the Authority Having Juris- 
diction. 


107.2 Limitations of Authority. The Board of Appeals 
shall have no authority relative to interpretation of the admin- 
istrative provisions of this code, nor shall the board be 
empowered to waive requirements of this code. 
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| & TABLE 104.5 


MECHANICAL PERMIT FEES 
Permit Issuance 
(eo LI STAG SS ESSUE Ti fel Sen PTE anal ste gai (| Wad ener nee a: eR eRe appr, Seem mar ey ain le SUIRRIR ! e ees Siaee emne 
2. For issuing each supplemental permit for which the original permit has not expired or been canceled 
Sg ELAN ELON errr eee em RE eee TE CN ae a RM A Lo iv hogs cresvicaoespieiines ioouseditatetasiarvutere ash 


Unit Fee Schedule 
1. Furnaces: 


For the installation or relocation of each forced-air or gravity-type furnace or burner, 
including ducts and vents attached to such appliance, not exceeding 100 000 British thermal 


REAR Cas eed AU SUIS 03 MAN) LU]) eee ee he Oeste Bm a rcv a, oreo eoE Nee og SUL i edad caa hab cua Sides van snikesveswlecppabae hd» cpuses ; 
For the installation or relocation of each forced-air or gravity-type furnace or burner, 

including ducts and vents attached to such appliance, exceeding 100 000 Btu/h........ ccc ecccceeesseesseesseeeeeeees 
Ror the installation or relocation ofeach MloGrrurace, Mcludins Vent erie reinessesssisavacsssccevesavnes.oeisencssbedeecsvotssesee 


For the installation or relocation of each suspended heater, recessed wall heater, 
Or Tloor-mounted Unit heater Ja Pest eee tee ce eee eee LO See! BON Te Fee G3. 


2. Appliance Vents: 


For the installation, relocation, or replacement of each appliance vent installed and not 
included in an apphance Hermite. © |..anaeen saree cert ees oyriest dent lectins ho, gheatue.ceiyow 


3. Repairs or Additions: 


For the repair of, alteration of, or addition to each heating appliance, refrigeration unit, 
cooling unit, absorption unit, or each heating, cooling, absorption, or evaporative cooling, 
System anclugmey IMstallavom GucOntwols TeCulaled. DY. COS COUS Gecccacisssuncetalestetet enh ans quscasdd cs tgudosietseesceeaterscieahess 


r 4. Boilers, Compressors, and Absorption Systems: 
| | For the installation or relocation of each boiler or compressor, not exceeding 


3 horsepower (hp), or each absorption system not exceeding 100 000 Btu/h........ eee ccsceesseeesteeesteeentseeesees : 
For the installation or relocation of each boiler or compressor exceeding 3 hp, not exceeding 

15 hp, or each absorption system exceeding 100 000 Btu/h and including 500 000 Btu/h ou... ee eeeeeeeee 
For the installation or relocation of each boiler or compressor exceeding 15 hp, not exceeding 

30 hp, or each absorption system exceeding 500 000 Btu/h, not exceeding 1 000 000 BtuJ/h..... ee 


For the installation or relocation of each boiler or compressor exceeding 30 hp, 
not exceeding 50 hp, or for each absorption system exceeding 1 000 000 Btu/h, 
ORC CeCe Br) OO Es ars a emer eerRee POR oS 2s xe gn ntvnge Sen anaerobes eto Sa aGh ce ean vdvesa used tnusaconsnessandsouvs ' 
For the installation or relocation of each boiler or compressor exceeding 50 hp, 

Dieac MAO sOL Ol Sy Stel Nc NCCediIIIS mE DUNOUO ESC NLT... /h gered. cers ckeeeentensc eens ceeh took Aeevpcd ssa ashcrioneugsaperaveincion 


5. Air Handlers: 


For each air-handling unit not exceeding 10 000 cubic feet per minute (CFM), 
AERC HURTS Es ALAC LIC CUE NOL rere RN oe Oo ey aces ann ndietoasaasassteven se eae te MRM Ds too as teeb uate esieSiya ette nay ups aseseash 


6. Evaporative Coolers: 
POmoacm alr-lamcne mame emer ie on UCM PING 5.5. sec suces-aeschecttneneeaee tesa meagre rteseacasseree eter acccecssctstnen sfuoscvartis 
For cachrevaporive colo Mers Mall POLADIC TY DC: .2., <stncevas<casuascmaocsnap some ateue kama ws snsesstase testes sabe e ene Sisiwaterasexs 
7. Ventilation and Exhaust: 
Poceach veniilanom amie onmec tect oc) SIN O1G GUC vcsxcccaskcan aispdvsadaomssnsccenenrabnretnen aate cones onkbeesadeeesreoutean ens aenrexts 


For each ventilation system that is not a portion of a heating or air-conditioning system 
EEDA VOTO Cit Veen) Oe Laks mE EP NG REE Set Cel ics aioe apidena nereeieu ene ies a Sea eaten va Su an enaH pte aRva cast gehacsatosa biunsrencdatiaglts 


For the installation of each hood that is served by mechanical exhaust, 
REV CNN een Nee Lee Oe MUN HAL ey SPAS Ge horas sana eacss see theActad Ge esak ane inak OeaseaVearseon satan euowsncdsnapekatoaces dus iatuveneses 


9 \ 8. Incinerators: 
é For the mstallawon-orrercation of cach GOMEStIC-ty Pe INCINETALOM sa. - 2. c.sisccsceseoscseaenssesvasspanseedvonvastoasscgetnsesoovnnast 


For the installation or relocation of each commercial or industrial-type incimerator............cceeeeseeeseereeeeeneeeeees 
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TABLE 104.5 (continued) 
MECHANICAL PERMIT FEES 


9. Miscellaneous: 

For each appliance or piece of equipment regulated by this code, but not classed in other appliance 

categories, of for which No Other fee 19 \isted timipetaDlemtter, .c5-cscnec (as careererooneeoacetentecenen cae esas * pos 8 
10. Fuel Gas Piping: 

Where Chapter 13 or Appendix B is applicable (See Section 101.2), permit fees for fuel-gas piping shall 

be as follows: 


For-each ‘gas piping system ofoneto, five Outlets face -xz3-ehe-tyaconsdt sip we-Bes Seabee oecpee cea ee ee ee er ee 

For each additional gas piping system, per OULler rs. 27. ROR Ae TE ee ee ence ee =e 
11. Process Piping: 

Foieachhazardous process piping System (fel) Of ONC tO 1OUl OUUCIS <a tee en ene eeeae 2. ee 

Foreach HPPipiping systemmowfive enmorc.ontlets. per QUtLEE a... cas ad cca, sameernde chee ete wee ee 

For each nonhazardous process piping system (NPP) of one to four outlets ..............ccccccssccessecesseceessecesseeesseeeess es 

For'each NPP pipme system of five or more outlets, per outlet ............:.2..0-c11-. cee oeeeey eee ne Ste 


Other Inspections and Fees 

1. Inspections outside of normal business hours, per hour (minimum charge — 2 HOUMS).............ccsccesceeseceeteeeenseeeneees We ae 
2 Reinspection fees assessed under provisions of Section ’105.2.6, per inspection ...2....-<c.1.:s.se-.ene-ceterereee eee ee 
3. Inspections for which no fee is specifically indicated, per hour (minimum charge — 2 hour) ............:ccceceeseeseeeeeeeees ha as 
4 


Additional plan review required by changes, additions, or revisions to plans or to plans for which an 
initial seyiew has, been: completed. pet hour (mimunum.chatge — 2 NOUL) sete ccetsee eee eeg tees eee 


For SI units: 1000 British thermal units per hour = 0.293 kW, 1 horsepower = 0.746 kW, | cubic foot per minute = 0.00047 m/s 


Notes: 
' Jurisdiction will indicate their fees here. 


? This fee shall not apply to an air-handling unit that is a portion of a factory-assembled appliance, cooling unit, evaporative cooler, or absorption unit for which 
a permit is required elsewhere in this code. 
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CALIFORNIA MECHANICAL CODE —- MATRIX ADOPTION TABLE 
CHAPTER 2 — DEFINITIONS 
(Matrix Adoption Tables are non-regulatory, intended only as an aid to the code user. See Chapter 1 for state agency authority and building applications.) 


Eas HCD DSA OSHPD | a See 
Adopting Agency BSC "Gq | SFM) 27 erie ~ r BSCC DPH /AGR|/DWR CEC CA pace 
1 | 2 | 1-AC |AC|SS|SS/CC; 1 |1R)2)/3)4)5 | | 
Adopt Entire Chapter | | | nye aa kendo cepeiiavelades Ae alas | 
Adopt Entire Chapter as [eee eh 
amended (amended sections | Xx XK |X|xX eX Kak xX |X|x | | A 
listed below) 
Adopt only those sections ¥ pl | 
that are listed below | | ia aoa | Ne 
Chapter/Section | yy foo pr Peale / 
203.0 X |X/|X X/|X/|X|X|X)X | 
204.0 x xX X| xX X | X X |X| xX 
roe merveel. sa ka de SS a  lsple thy dad | 
207.0 2s A ott BE SS ee ee ee aS Vela 2 as £ 
CEA | 7 ee ees ae SS y' | 
209.0 x x x|x| x | |. | | 
210.0 | X/X|X/X|X|X | | | 
214.0 x |X |X oy 
215.0 x ie dyn 
216.0 [x[x| | eb tld wh 
247.0; Bal Bs is oy 
218.0 |XX soy 
222.0 0 | ical ESS eee es des pore" 
| 228.0 sin | Px] [x[x| xx 


This state agency does not adopt sections identified with the following symbol: i i 
The Office of the State Fire Marshal's adoption of this chapter or individual sections is applicable to structures regulated by other state agencies pursuant to 
Section 1.11.0. 
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CHAPTER 2 
DEFINITIONS 


201.0 General. 


201.1 Applicability. For the purpose of this code, the fol- 
lowing terms have the meanings indicated in this chapter. 


No attempt is made to define ordinary words, which are 
used in accordance with their established dictionary mean- 
ings, except where a word has been used loosely, and it is 
necessary to define its meaning as used in this code to avoid 
misunderstanding. 


202.0 Definition of Terms. 


202.1 General. The definitions of terms are arranged alpha- 
betically according to the first word of the term. 


203.0 -A- 


Absorption Unit. An absorption refrigeration system that 
has been factory-assembled and tested prior to its installation. 


Accepted Engineering Practice. That which conforms 
to technical or scientific-based principles, test, or standards 
that are accepted by the engineering profession. 


Access Panel. A closure device used to cover an opening 
into a duct, an enclosure, equipment, or an appurtenance. 
[NFPA 96:3.3.1] 


Accessible. Where applied to a device, appliance, or equip- 
ment, “accessible” means having access thereto, but which 
first may require the removal of an access panel, door, or sim- 
ilar obstruction. 


Accessible, Readily. Having a direct access without the 
necessity of removing a panel, door, or similar obstruction. 


Accessory Dwelling Unit [HCD 1 & HCD 2]. An attached 
or detached residential dwelling unit that provides complete 
independent living facilities for one or more persons and is 
located on a lot with a proposed or existing primary residence. 
Accessory dwelling units shall include permanent provisions 
for living, sleeping, eating, cooking, and sanitation on the same 
parcel as the single-family or multifamily dwelling is or will be 
situated. (See Government Code Section 65852.2.) 


Air, Class 1. Air with low contaminant concentration, low 
sensory-irritation intensity, and inoffensive odor. [ASHRAE 
Gort 10.11 


Air, Class 2. Air with moderate contaminant concentration, 
mild sensory-irritation intensity, or mildly offensive odors. 
Class 2 air also includes air that is not necessarily harmful or 
objectionable, but that is inappropriate for transfer or recir- 
culation to spaces used for different purposes. [ASHRAE 
6201-311 6:1) 


Air, Class 3. Air with significant contaminant concentra- 
tion, significant sensory-irritation intensity, or offensive odor. 
[ASHRAE 62.1:5.16.1] 
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Air, Class 4. Air with highly objectionable fumes or gases 
or with potentially dangerous particles, bioaerosols, or gases, 
at concentrations high enough to be considered harmful. 
[ASHRAE 62.1:5.16.1] 


Air, Combustion. See Combustion Air. 


Air, Conditioned. Air that has been treated to achieve a 
desired level of temperature, humidity, or cleanliness. 


Air, Dilution. Air that enters a draft hood or draft regulator 
and mixes with the flue gases. [NFPA 54:3.3.2.2] 


Air, Exhaust. Air being removed from any space or piece of 
equipment and conveyed directly to the atmosphere by means 
of openings or ducts. 


Air, Makeup. Air that is provided to replace air being 
exhausted. 


Air, Outside. Air from outside the building intentionally 
conveyed by openings or ducts to rooms or to conditioning 
equipment. 

Air, Relief. [OSHPD 1, 1R, 2, 3, 4 & 5] Air being exhausted 
directly from a building or a return duct system which is not 
contaminated by odors or other contaminants and could oth- 
erwise be used as return air if not exhausted from the building. 


Air, Return. Air from the conditioned area that is returned to 
the conditioning equipment for reconditioning. 


Air, Supply. Air being conveyed to a conditioned area 
through ducts or plenums from a heat exchanger of a heating, 
cooling, absorption, or evaporative cooling system. 


Air Dispersion Systems. Materials intended for use in air 
handling systems in exposed locations operating under posi- 
tive pressure. 


Air-Handling Unit. A blower or fan used for the purpose of 
distributing supply air to a room, space, or area. 


Air Intakes. An opening in a building’s envelope whose pur- 
pose is to allow outside air to be drawn into the structure to 
replace inside air that is removed by exhaust systems or to 
improve the quality of the inside air by providing a source of 
air having a lower concentration of odors, suspended parti- 
cles, or heating content. [NFPA 96:3.3.2] 


Air-Moving System. A system designed to provide heat- 
ing, cooling, or ventilation in which one or more air-handling 
units are used to supply air to a common space or are draw- 
ing air from a common plenum or space. 


Air Pollution Control Devices. Equipment and devices 
used for the purpose of cleaning air passing through them or 
by them in such a manner as to reduce or remove the impuri- 
ties contained therein. [NFPA 96:3.3.3] 

Anodeless Riser. An assembly of steel-cased plastic pipe 
used to make the transition between plastic piping installed 


underground and metallic piping installed aboveground. 
[NFPA 54:3.3.4] 
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Appliance. A device that utilizes an energy source to pro- 
duce light, heat, power, refrigeration, air conditioning, or 
compressed fuel gas. This definition also shall include a 
vented decorative appliance. 


Appliance, Fan-Assisted Combustion. An appli- 
ance equipped with an integral mechanical means to 
either draw or force products of combustion through the 
combustion chamber or heat exchanger. [NFPA 
54:3.3.5.4] 


Appliance, Low-Heat. A fuel-burning appliance that 
produces a continuous flue gas temperature, at the point 
of entrance to the flue, of not more than 1000°F (538°C). 


Appliance, Medium-Heat. A fuel-burning appliance 
that produces a continuous flue gas temperature, at the 
point of entrance to the flue, of more than 1000°F 
(538°C) and less than 2000°F (1093°C). 


Appliance Categorized Vent Diameter/Area. The min- 
imum vent diameter/area permissible for Category I appli- 
| ances to maintain a nonpositive vent static pressure when 
tested in accordance with nationally recognized standards. 
[NFPA 54:3.3.6] 


Appliance Flue Outlet. The opening or openings in a 
cooking device where vapors, combustion gases, or both 
leave the cooking device. [NFPA 96:3.3.4] There might or 
might not be ductwork attached to this opening. 


Appliance Fuel Connector. An assembly of listed semi- 
rigid or flexible tubing and fittings to carry fuel between a 
fuel-piping outlet and a fuel-burning appliance. 


Approved. Acceptable to the Authority Having Jurisdiction. 


Exception: [HCD 1 & HCD 2] “Approved” means meeting 
the approval of the Enforcing Agency, except as otherwise 
provided by law, when used in connection with any system, 
material, type of construction, fixture or appliance as the 
result of investigations and tests conducted by the agency, or 
by reason of accepted principles or tests by national author- 
ities, or technical, health, or scientific organizations or agen- 
cles. 

Notes: 


(1) See Health and Safety Code Section 17920 for 
“Approved” as applied to residential construction and 
buildings or structures accessory thereto, as referenced 
in Sections 1.8.2.1.] and 1.8.2.1.2. 


(2) See Health and Safety Code Section 17921.1 for 
“Approved” as applied to the use of hotplates in resi- 
dential construction referenced in Sections 1.8.2.1.1 and 
nee ne 

(3) See Health and Safety Code Section 19966 for 
“Approved” as applied to Factory-Built Housing as ref- 
erenced in Sections 1.8.2.1.1 and 1.8.2.1.2. 

(4) See Health and Safety Code Section 18201 for 
“Approved” as applied to Mobilehome Parks as refer- 
enced in Section 1.8.2.1.3. 

(5) See Health and Safety Code Section 18862.1 for 
“Approved” as applied to Special Occupancy Parks as 
referenced in Section 1.8.2.1.3. 
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Approved Testing Agency. An organization primarily 
established for purposes of testing to approved standards and 
approved by the Authority Having Jurisdiction. [HCD 1 & 
HCD 2] “Approved Testing Agency” is any agency which is 
determined by the Enforcing Agency, except as otherwise pro- 
vided by statute, to have adequate personnel and expertise to 
carry out the testing of systems, materials, and various types 
of construction, fixtures or appliances. 


Appurtenance. An accessory or a subordinate part that 
enables the primary device to perform or improves its 
intended function. [NFPA 96:3.3.5] 


Assembly Building. A building or a portion of a building 
used for the gathering together of 50 or more persons for such 
purposes as deliberation, education, instruction, worship, 
entertainment, amusement, drinking, dining, or awaiting 
transportation. [HCD 1, HCD 2 and SFM] Refer to the Cal- 
ifornia Building Code, Title 24, Part 2 for use and occupancy 
classification. 


Authority Having Jurisdiction. The organization, office, 
or individual responsible for enforcing the requirements of a 
code or standard, or for approving equipment, materials, 
installations, or procedures. The Authority Having Jurisdic- 
tion shall be a federal, state, local, or other regional depart- 
ment or an individual such as a plumbing official, mechanical 
official, labor department official, health department official, 
building official, or others having statutory authority. In the 
absence of statutory authority, the Authority Having Juris- 
diction may be some other responsible party. This definition 
shall include the Authority Having Jurisdiction’s duly author- 
ized representative. [HCD 1, HCD 2, OSHPD 1, 1R, 2,3 & 
5 and SFM] “Authority Having Jurisdiction” shall mean 
“Enforcing Agency” as defined in Section 207.0 of this code. 


Automatic. That which provides a function without the 
necessity of human intervention. 


Automatic Boiler. A boiler equipped with certain controls 
and limit devices. 


Azeotrope. A refrigerant blend containing two or more 
refrigerants whose equilibrium vapor and liquid phase com- 
positions are the same at a given pressure. At this pressure, 
the slope of the temperature vs. composition curve equals 
zero, which mathematically is expressed as (dtldx),, =, 0; 
which, in turn, implies the occurrence of a maximum, mini- 
mum, or saddle point temperature. Azeotropic blends exhibit 
some segregation of components at other conditions. The 
extent of the segregation depends on the particular azeotrope 
and the application. [ASHRAE 34:3] 
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Baffle Plate. An object placed in or near an appliance to 
change the direction or retard the flow of air, air-fuel mix- 
tures, or flue gases. 


Boiler. A closed vessel used for heating water or liquid, or 
for generating steam or vapor by direct application of heat 
from combustible fuels or electricity. 

Boiler, High-Pressure. A boiler for generating steam at 
gauge pressures in excess of 15 psi (103 kPa), or for heating 
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water to a temperature in excess of 250°F (121°C) or ata 
gauge pressure in excess of 160 psi (gauge pressure of 1103 
kPa). [NFPA 211:3.3.14.2] 


Boiler Room. A room where boilers are installed. 


Bonding Conductor or Jumper. A reliable conductor to 
ensure the required electrical conductivity between metal 
parts required to be electrically connected. [NFPA 70:100(1)] 


Breathing Zone. The region within an occupiable space 
between planes 3 inches and 72 inches (76 mm and 1829 mm) 
above the floor and exceeds 2 feet (610 mm) from the walls 
or fixed air-conditioning equipment. [ASHRAE 62.1:3] 


Breathing Zone Outdoor Airflow. The outdoor airflow 
required in the breathing zone of the occupiable space or 
spaces in a ventilation zone. [ASHRAE 62.1:6.2.2.1] 


Breeching. A metal connector for medium- and high-heat 
appliances. 


Broiler. A general term including broilers, salamanders, bar- 
becues, and other devices cooking primarily by radiated heat, 
excepting toasters. [NFPA 54:3.3.15] 


BTU/H. The listed maximum capacity of any appliance, 
absorption unit, or burner expressed in British thermal units 
input per hour, unless otherwise noted. 


Building. [HCD 1 & HCD 2] Any structure used or intended 
for supporting or sheltering any use or occupancy. 


Exceptions: “Building” shall not include the following: 


(1) Any mobilehome as defined in Health and Safety Code Sec- 
tion 18008. 


(2) Any manufactured home as defined in Health and Safety 
Code Section 18007. 


(3) Any commercial modular as defined in Health and Safety 
Code Section 18001.8 or any special purpose commercial 
modular as defined in Health and Safety Code Section 
18012.5. 


(4) Any recreational vehicle as defined in Health and Safety 
Code Section 18010. 


(5) Any multifamily manufactured home, as defined in Health 
and Safety Code Section 18008. 7. 


For additional information, see Health and Safety Code Sec- 
tion 18908. 


Building Code. The building code that is adopted by this 
jurisdiction. [HCD 1, HCD 2, OSHPD 1, 1R, 2, 3,4 & 5 and 
SFM] “Building Code” shall mean the California Building 
Code, Title 24, Part 2. 


Building Official. See Authority Having Jurisdiction. For 
applications listed in Section 1.11.0 regulated by the Office of 
the State Fire Marshal “Building Official” is the officer charged 
with the administration and enforcement of this code, or a reg- 
ular deputy. See “Enforcing Agency”. For the State of Califor- 
nia, “Building Official” shall be the “Enforcing Agency” as 
specified in Section 1.11.0. 

Burner, Automatic Boiler. A device to convey fuel into 
the combustion chamber in proximity to its combustion air 
supply so as to permit a stable, controlled heat release com- 
patible with the burner design and that is equipped with an 
ignition system to reliably ignite the entire heat release sur- 
face of the burner assembly. 
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CAS Number. The Chemical Abstract System registry num- 
ber. 


Central Heating Plant or Heating Plant. Environmental 
heating equipment installed in a manner to supply heat by 
means of ducts or pipes to areas other than the room or space 
in which the equipment is located. 


Certified. A formally stated recognition and approval of an 
acceptable level of competency, acceptable to the Authority 
Having Jurisdiction. [NFPA 96:3.3.10] 


Certified Person. A person trained and certified by the 
equipment manufacturer, or by a recognized organization 
through a formal certification program for the system to be 
serviced or cleaned; that is acceptable to the Authority Hav- 
ing Jurisdiction. 

Chimney. One or more passageways, vertical or nearly so, 
for conveying flue or vent gases to the outdoors. [NFPA 
54:3.3.18] 


Chimney, Factory-Built. A chimney composed of 
listed factory-built components assembled in accordance 
with the manufacturer’s installation instructions to form 
the completed chimney. [NFPA 54:3.3.18.2] 


Chimney, Masonry. A field-constructed chimney of 
solid masonry units, bricks, stones, listed masonry chim- 
ney units, or reinforced Portland cement concrete, lined 
with suitable chimney flue liners. [NFPA 54:3.3.18.3]  ] 


Chimney, Metal. A field-constructed chimney of metal. 
[NFPA 54:3.3.18.4] 


Chimney Classifications: 


Chimney, High-Heat Appliance-Type. A factory- 
built, masonry, or metal chimney suitable for removing 
the products of combustion from fuel-burning high-heat 
appliances producing combustion gases in excess of 
2000°F (1093°C), measured at the appliance flue outlet. 


Chimney, Low-Heat Appliance-Type. A factory- 
built, masonry, or metal chimney suitable for removing 
the products of combustion from fuel-burning low-heat 
appliances producing combustion gases not in excess of 
1000°F (538°C) under normal operating conditions, but 
capable of producing combustion gases of 1400°F 
(760°C) during intermittent forced firing for periods up 
to one hour. All temperatures are measured at the appli- 
ance flue outlet. 


Chimney, Medium-Heat Appliance-Type. A fac- 
tory-built, masonry, or metal chimney suitable for 
removing the products of combustion from fuel-burning 
medium-heat appliances producing combustion gases, 
not in excess of 2000°F (1093°C), measured at the appli- 
ance flue outlet. 


Chimney, Residential Appliance-Type. A factory- 
built or masonry chimney suitable for removing products 
of combustion from residential-type appliances produc- 
ing combustion gases not in excess of 1000°F (538°C), 
measured at the appliance flue outlet. Factory-built Type 
HT chimneys have high-temperature thermal shock 
resistance. 
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Chimney Connector. The pipe that connects a fuel-burn- 
ing appliance to a chimney. [NFPA 211:3.3.48.1] 


Circulators (Circulating Pump). A device that circulates 
liquids within a closed circuit for an intended purpose. 


Classified. See Listed (Third Party Certified). 


Clean(ing). For kitchen exhaust systems and cooking equip- 
ment, the act of removing grease, oil deposits, and other 
residue. [NFPA 96:3.3.12] 


Clearly Identified. Capable of being recognized by a per- 
son of normal vision without causing uncertainty and indeci- 
siveness about the location or operating process of the 
identified item. [NFPA 96:3.3.13] 


Closed Combustible Construction. Combustible build- 
ing construction, including walls, structural framing, roofs, 
roof ceilings, floors, and floor-ceiling assemblies, continu- 
ously enclosing a grease duct on four sides where one or more 
sides require protection in accordance with Section 507.4. 


Closed Combustion Solid-Fuel-Burning Appliance. 
A heat-producing appliance that employs a combustion cham- 
ber that has no openings other than the flue collar, fuel-charg- 
ing door, and adjustable openings provided to control the 
amount of combustion air that enters the combustion cham- 
ber. 


Closet. See Confined Space. 


Clothes Dryer. An appliance used to dry wet laundry by 
means of heat. [NFPA 54:3.3.19] 


Clothes Dryer, Type 1. Primarily used in family living 
environment. May or may not be coin-operated for pub- 
lic use. [NFPA 54:3.3.19.1] 


Clothes Dryer, Type 2. Used in business with direct 
intercourse of the function with the public. May or may 
not be operated by public or hired attendant. May or may 
not be coin-operated. [NFPA 54:3.3.19.2] 


Coastal High Hazard Areas. An area within the flood 
hazard area that is subject to high-velocity wave action, and 
shown on a Flood Insurance Rate Map or other flood hazard 
map as Zone V, VO, VE, or V1-30. 


Code. A standard that is an extensive compilation of provi- 
sions covering broad subject matter or that is suitable for 
adoption into law independently of other codes and standards. 


Combustible Material. A material that, in the form in 
which it is used and under the conditions anticipated, will 
ignite and burn; a material that does not meet the definition of 
noncombustible. [NFPA 54:3.3.64.1] 


Combustion Air. The total amount of air provided to the 
space that contains fuel-burning equipment. Includes air for 
fuel combustion, draft hood dilution, and ventilation of the 
equipment enclosure. 


Combustion Chamber. The portion of an appliance within 
which combustion occurs. [NFPA 54:3.3.21] 


Commercial Food Heat-Processing Equipment. 
Equipment used in a food establishment for heat-processing 
food or utensils and that produces grease vapors, steam, 
fumes, smoke, or odors that are required to be removed 
through a local exhaust ventilation system. 
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Compensating Hood. A hood for commercial food heat- 
processing equipment that has an outside-air supply with air 
delivered below or within the hood. Where makeup air is dif- 
fused directly into the exhaust within the hood cavity, it 
becomes a short-circuit hood. 


Compressor, Positive Displacement. A compressor in 
which increase in pressure is attained by changing the inter- 
nal volume of the compression chamber. 


Compressor, Refrigerant. A machine, with or without 
accessories, for compressing a refrigerant vapor. 


Concealed Spaces. That portion(s) of a building behind 
walls, over suspended ceilings, in pipe chases, attics, and else- 
where whose size might normally range from 1% inch (44 
mm) stud spaces to 8 foot (2438 mm) interstitial truss spaces 
and that might contain combustible materials such as build- 
ing structural members, thermal, electrical insulation, or both, 
and ducting. Such spaces have sometimes been used as 
HVAC plenum chambers. 

Condensate. The liquid phase produced by condensation 
of a particular gas or vapor. 

Condenser. The part of the system designed to liquefy 
refrigerant vapor by removal of heat. 

Condensing Appliance. An appliance that condenses part 
of the water vapor generated by the burning of hydrogen in 
fuels. 

Condensing Unit. A mechanical refrigeration system, con- 
sisting of one or more power-driven compressors, condensers, 
liquid receivers where provided, and the regularly furnished 
accessories that have been factory assembled and tested prior 
to its installation. 


Conditioned Space. An area, room, or space normally 


occupied and being heated or cooled for human comfort by | 


any equipment. 

Confined Space. A room or space having a volume less 
than 50 cubic feet per 1000 British thermal units per hour 
(Btu/h) (4.83 m?/kW) of the aggregate input rating of all 
fuel-burning appliances installed in that space. 


Construction Documents. Plans, specifications, written, 
graphic, and pictorial documents prepared or assembled for 
describing the design, location, and physical characteristics 
of the elements of a project necessary for obtaining a permit. 


Continuous Enclosure. A recognized architectural or 
mechanical component of a building having a fire resistance 
rating as required for the structure and whose purpose is to 
enclose the vapor removal duct for its full length to its termi- 
nation point outside the structure without any portion of the 
enclosure having a fire resistance rating less than the required 
value. [NFPA 96:3.3.22.1] 

Continuous Pilot. A pilot that burns without turndown 
throughout the entire period that the boiler is in service, 
whether or not the main burner is firing. 


Continuous Weld. A metal-joining method that produces a 
product without visible interruption or variation in quality. 
[NFPA 96:3.3.15] For the purpose of the definition, it specif- 
ically includes the exhaust compartment of hoods and welded 
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joints of exhaust ducts, yet specifically does not include fil- 
ter support frames or appendages inside hoods. 


Conversion Burner, Gas. A unit consisting of a burner 
and its controls utilizing gaseous fuel for installation in an 
appliance originally utilizing another fuel. [NFPA 
54:3.3.17.2] 


Cooling. Air cooling to provide a room or space temperature 
of 68°F (20°C) or above. 


Cooling System. All of the equipment, ducts and compo- 
nents, including associated refrigeration, intended or installed 
for the purpose of cooling air by mechanical means and dis- 

| charging such air into any room or conditioned space. This 
definition shall not include an evaporative cooler. 


Cooling Unit. A self-contained refrigeration system that has 
been factory assembled tested, and installed with or without 
conditioned air and ducts, without connecting any refriger- 
ant-containing parts. This definition shall not include a 
portable cooling unit or an absorption unit. 


Copper Alloy. A homogenous mixture of two or more met- 
als in which copper is the primary component, such as brass 
and bronze. 


Crawl Space. In a building, an area accessible by crawling, 
having a clearance less than human height, for access to 
plumbing or wiring, storage, etc. 


CSST. An acronym for corrugated stainless steel tubing. 
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Damper. A valve or plate for controlling draft or the flow of 
gases, including air. [NFPA 211:3.3.52] 


Ceiling Radiation Damper. A listed device installed 
in a ceiling membrane of a fire-resistance-rated floor- 
ceiling or roof-ceiling assembly to automatically limit 
the radiative heat transfer through an air inlet/outlet 
opening. [NFPA 5000:3.3.140.1] 


Combination Fire/Smoke Damper. An automatic- 
closing metal assembly consisting of one or more lou- 
vers, blades, slats, or vanes that closes upon detection of 
heat or smoke as to restrict the passage of flame and 
smoke. 
Fire Damper. An automatic-closing metal assembly 
consisting of one or more louvers, blades, slats, or vanes 
that closes upon detection of heat so as to restrict the pas- 
{ sage of flame. 
Smoke Damper. A damper arranged to seal off airflow 
automatically through a part of an air duct system so as 
i to restrict the passage of smoke. 
Volume Damper. A device that, when installed, will 
restrict, retard, or direct the flow of air in any duct, or the 
products of combustion in any heat-producing equip- 
ment, its vent connector, vent, or chimney. 
Department. [HCD 1 & HCD 2] “Department” means the 
Department of Housing and Community Development. 
Design Flood Elevation. The elevation of the “design 
flood,” including wave height, relative to the datum specified 
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on the community’s legally designated flood hazard map. In 
areas designated as Zone AO, the design flood elevation is 
the elevation of the highest existing grade of the building’s 
perimeter plus the depth number (in feet) specified on the 
flood hazard map. In areas designated as Zone AO where a 
depth number is not specified on the map, the depth number 
is taken as being equal to 2 feet (610 mm). 


Detection Devices. Electrical, pneumatic, thermal, 
mechanical, or optical sensing instruments, or subcomponents 
of such instruments, whose purpose is to cause an automatic 
action upon the occurrence of some preselected event. [NFPA 
96:3.3.17] In the context of this document, the event in ques- 
tion could be excessive temperature or flame, and the action 
could be the operation of a fire-extinguishing system. 


Dips. Depression or cup like places in horizontal duct runs in 
which liquids could accumulate. 


Direct Gas-Fired Nonrecirculating Industrial Air 
Heater. A nonrecirculating industrial air heater in which all 
the products of combustion generated by the appliance are 
released into the outdoor airstream being heated. [NFPA 
54:3.3.56.1] 


Direct Gas-Fired Recirculating Industrial Air Heater. 
An air recirculating heater in which all of the products of 
combustion generated by the appliance are released into the 
airstream being heated. [NFPA 54:3.3.56.2] 


Direct Vent Appliances. Appliances that are constructed 
and installed so that all air for combustion is derived directly 
from the outdoors and all flue gases are discharged to the out- 
doors. [NFPA 54:3.3.5.3] 

Discharge. The final portion of a duct or pipe where the 

product being conveyed is emptied or released from confine- 

ment; the termination point of the pipe or duct. [NFPA 
96:3.3.18] 

Discrete Products in Plenums. Individual, distinct prod- 

ucts which are non-continuous such as pipe hangers, duct reg- 

isters, duct fittings, and duct straps. 

District Heating Plant. A power boiler plant designed to 

distribute hot water or steam to users located off the prem- 

ises. 

Draft Hood. A nonadjustable device built into an appliance, 

or made a part of the vent connector from an appliance, that 

is designed to: 

(1) Provide for the ready escape of the flue gases from the 
appliance in the event of no draft, backdraft, or stoppage 
beyond the draft hood. 

(2) Prevent a backdraft from entering the appliance. 

(3) Neutralize the effect of stack action of the chimney or 
gas vent upon the operation of the appliance. [NFPA 
54:3.3.31] 

Duct. A tube or conduit for transmission of air, fumes, 

vapors, or dust. This definition shall not include: 


(1) A vent, vent connector, or chimney connector. 

(2) A tube or conduit wherein the pressure of the air exceeds 
1 psi (7 kPa). 

(3) The air passages of listed self-contained systems. 
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Duct Furnace. A furnace normally installed in distribution 
ducts of air-conditioning systems to supply warm air for heat- 
ing. This definition applies only to an appliance that, for air 
circulation, depends on a blower not furnished as part of the 
furnace. [NFPA 54:3.3.45.3] 


Duct System. A continuous passageway for the transmis- 
sion of air and vapors that, in addition to the containment 
components themselves, might include duct fittings, dampers, 
plenums, other items, and air-handling equipment. [NFPA 
96:3.3.20] 


Ductless Mini-Split System. A heating and cooling 
equipment that includes one or multiple indoor evaporator, 
air handler, or both units, an outdoor condensing unit that is 
connected by refrigerant piping, and electrical wiring. A duct- 
less mini-split system is capable of cooling or heating one or 
more rooms without the use of traditional ductwork. 


Dwelling. A building or portion thereof that contains not 
more than two dwelling units. 


Dwelling Unit. A building or portion thereof that contains 
living facilities, including provisions for sleeping, eating, 
cooking, and sanitation, as required by this code, for not more 
than one family. 


207.0 -E- 
Easily Accessible. See Accessible, Readily. 


Effective Ground-Fault Current Path. An intentionally 

constructed, low impedance electrically conductive path 

designed and intended to carry current under ground-fault 

conditions from the point of a ground fault on a wiring sys- 

tem to the electrical supply source and that facilitates the 

operation of the overcurrent protective device or ground-fault 
| detectors. [NFPA 54:3.3.34] 


Electric Duct Heaters. A heater located in the airstream 
of a forced-air system where the air-moving unit is not pro- 
vided as an integral part of the equipment. 


Electric Heating Appliance. A device that produces heat 
energy to create a warm environment by the application of 
electric power to resistance elements, refrigerant compres- 
sors, or dissimilar material junctions. 
Electrical Code. The National Electrical Code promulgated 
by the National Fire Protection Association, as adopted by 
this jurisdiction. [HCD 1 & HCD 2] Whenever the term 
“Electrical Code” is used in this code, it shall mean the Cal- 
ifornia Electrical Code, Title 24, Part 3. 
Emergency Alarm System. A system intended to provide 
| notification and warning of abnormal conditions and summon 
appropriate aid. 
Emergency Control Station. An approved location on the 
premises where signals from emergency equipment are 
received. 
Enforcing Agency. [HCD 1, HCD 2, SFM and OSHPD 
1, 1R, 2, 3, 4 & 5] “Enforcing Agency” is the designated 
department or agency as specified by statute and regulation. 
Environmental Air Duct. Ducting used for conveying air 
at temperatures not exceeding 250°F (121°C) to or from occu- 
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pied areas of any occupancy through other than heating or 
air-conditioning systems, such as ventilation for human 
usage, domestic kitchen range exhaust, bathroom exhaust 
ducts, and domestic-type clothes dryer exhaust ducts. 


Equipment. A general term including materials, fittings, 
devices, appliances, and apparatus used as part of or in con- 
nection with installations regulated by this code. 


Evaporative Cooler. A device used for reducing the sensi- 
ble heat of air for cooling by the process of evaporation of 
water into an airstream. 


Evaporative Cooling System. Equipment intended or 
installed for the purpose of environmental cooling by an evap- 
orative cooler from which the conditioned air is distributed 
through ducts or plenums to the conditioned area. 


Evaporator. Part of a refrigeration system in which liquid 
refrigerant is vaporized to produce refrigeration. 


Excess Flow Valve (EFV). A valve designed to activate 
when the fuel gas passing through it exceeds a prescribed 
flow rate. [NFPA 54:3.3.99.3] 
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Fabrication Area (Fab Area). An area within a Group H 
Occupancy semiconductor fabrication facility and related 
research and development areas in that there are processes 
involving hazardous production materials. Such areas are 
allowed to include ancillary rooms or areas such as dressing 
rooms and offices that are directly related to the fab area 
processes. 


Factory-Built Grease Duct Enclosures. A listed fac- 
tory-built grease duct system evaluated as an enclosure sys- 
tem for reduced clearances to combustibles and as an 
alternative to a duct with its fire-rated enclosure. [NFPA 
96:3 1302 22.1) 


Family. [HCD 1] “Family” is an individual or two or more 
persons who are related by blood or marriage, or otherwise, 
live together in a dwelling unit. 


Field-Applied Grease Duct Enclosures. A listed sys- 
tem evaluated for reduced clearances to combustibles and as 
an alternative to a duct with its fire-rated enclosure. [NFPA 
96:3.3.22,.2.2] 

Fire Code. Whenever the term “Fire Code” is used in this 
code, it shall mean the California Fire Code, Title 24, Part 9. 
Fire Partition. An interior wall or partition of a building that 
separates two areas and serves to restrict the spread of fire 
but does not qualify as a fire wall. 

Fire Resistance Rating. The time, in minutes or hours, 
that materials or assemblies have withstood a fire exposure 
as established in accordance with ASTM E119 or UL 263. 
Fire-Resistive Construction. Construction in accordance 
with the requirements of the building code for the time period 
specified. 

Fire Wall. A wall separating buildings or subdividing a build- 
ing to prevent the spread of the fire and having a fire resist- 
ance rating and structural stability. [NFPA 96:3.3.26] 
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Fireplace Stove. A chimney-connected, solid-fuel-burning 
stove (appliance) having part of its fire chamber open to the 
room. 

Flammable Vapor or Fumes. The concentration of flam- 
mable constituents in air that exceeds 25 percent of its Lower 
Flammability Limit (LFL). 

Flood Hazard Area. The greater of the following two areas: 
(1) The area within a floodplain subject to a 1 percent or 

greater chance of flooding in any given year. 


(2) The area designated as a flood hazard area on a commu- 
nity’s flood hazard map, or otherwise legally designated. 


Floor Furnace. A completely self-contained unit furnace 
suspended from the floor of the space being heated, taking 
air for combustion from outside this space. [NFPA 
54:3.3.45.5] With means for observing flames and lighting 
the appliance from such space. 


Forced-Air Furnace. A furnace equipped with a fan or 
blower that provides the primary means for circulation of air. 
[NFPA 54:3.3.45.6] 


Downflow-Type Furnace. A forced-air-type furnace 
designed with airflow essentially in a vertical path, dis- 
charging air at or near the bottom of the furnace. [NFPA 
Zia 3. ee | 


Enclosed Furnace. A specific heating or heating and 
ventilating furnace incorporating an integral total enclo- 
sure and using only outside air for combustion. 


Horizontal-Type Furnace. A forced-air-type furnace 
designed with airflow through the furnace, essentially in 
a horizontal path. [NFPA 211:3.3.79.3] 


Upflow-Type Furnace. A forced-air-type furnace 
designed with airflow essentially in a vertical path, dis- 
charging air at or near the top of the furnace. [NFPA 
211:3.3.79.4] 


Fractionation. A change in composition of a blend by pref- 
erential evaporation of the more volatile component or con- 
densation of the less volatile component. 


Fuel Gas. Natural, manufactured, liquefied petroleum, or a 
mixture of these. 


Fume Incinerators. Devices utilizing intense heat or fire 
to break down, oxidize, or both vapors and odors contained in 
gases or air being exhausted into the atmosphere. [NFPA 
96:3.3.27] 


Furnace, Central. A self-contained appliance for heating 
air by transfer of heat of combustion through metal to the air 
and designed to supply heated air through ducts to spaces 
remote from or adjacent to the appliance location. [NFPA 
54:3.3.45.1] 

Fusible Link. A form of fixed-temperature heat-detecting 
device sometimes employed to restrain the operation of an 
electrical or mechanical control until its designed tempera- 
ture is reached. [NFPA 96:3.3.28] Such devices are to be 
replaced following each operation. 

Fusible Plug. A device arranged to relieve pressure by oper- 
ation of a fusible member at a predetermined temperature. 
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Galvanized Steel. A steel that has been coated with a thin 
layer of zinc for corrosion protection; conforming to the 
requirements of ASTM A653/A653M Standard Specification 
for Steel Sheet, Zinc-Coat (Galvanized) or Zinc-Iron Alloy- 
Coat (Galvanized) by the Hot Dip Process. 


Gas Convenience Outlet. A permanently mounted, hand- 

operated device providing a means for connecting and dis- 

connecting an appliance or an appliance connector to the gas 

supply piping. [NFPA 54:3.3.48] i 

Gas Piping. An installation of pipe, valves, or fittings that 

are used to convey fuel gas, installed on any premises or in a 

building, but shall not include: 

(1) A portion of the service piping. 

(2) An approved piping connection 6 feet (1829 mm) or less 
in length between an existing gas outlet and a gas appli- 
ance in the same room with the outlet. 

Gas Piping System. An arrangement of gas piping or reg- 

ulators after the point of delivery and each arrangement of 

gas piping serving a building, structure, or premises, whether 
individually metered or not. 


Generator. A device equipped with a means of heating used 
in an absorption system to drive refrigerant out of solution. 


Gravity Heating System. A heating system consisting of 
a gravity-type warm air furnace, together with all air ducts or 
pipes and accessory apparatus installed in connection there- 
with. 


Gravity-Type Floor Furnace. A floor furnace depending 
primarily on circulation of air by gravity. This classification 
also includes floor furnaces equipped with booster-type fans 
that do not materially restrict free circulation of air by grav- 
ity flow when such fans are not in operation. [NFPA 
2115333. 78A22] 


Grease. Rendered animal fat, vegetable shortening, and 
other such oily matter used for the purposes of and resulting 
from cooking, preparing foods, or both. [NFPA 96:3.3.29] 
Grease might be liberated and entrained with exhaust air or 
might be visible as a liquid or solid. 


Grease Ducts. A containment system for the transportation 
of air and grease vapors that is designed and installed to 
reduce the possibility of the accumulation of combustible 
condensation and the occurrence of damage if a fire occurs 
within the system. [NFPA 96:3.3.20.2] 


Grease Filter. A removable component of the grease 
removal system designed to capture grease and direct it to a 
safe collection point. [NFPA 96:3.3.24.1] 


Grease Filter, Mesh-Type. A filter construction consist- 
ing of a net made from intersecting strands with a space 
between each strand. [NFPA 96:3.3.24.2] 


Grease Removal Devices. A system of components 
designed and intended to process vapors, gases, or air as it is 
drawn through such devices by collecting the airborne grease 
particles and concentrating them for further action at some 
future time, leaving the exiting air with a lower amount of 
combustible matter. 
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Greasetight. Constructed and performing in such a manner 
as not to permit the passage of grease under normal cooking 
conditions. [NFPA 96:3.3.31] 


Ground-Source Heat Pump. A term that is applied to a 
variety of systems that use the ground, groundwater, or sur- 
face water as a heat source and sink. The general terms 
include ground-coupled (GCHP), groundwater (GWHP), and 
surface-water (SWHP) heat pumps. Many parallel terms exist 
[e.g., geothermal heat pumps (GHP), geo-exchange, and 
ground-source (GS) systems] and are used to meet a variety 
of marketing or institutional needs. 


Grounding Electrode. A conducting object through which 
a direct connection to earth is established. [NFPA 70:100(1)] 


210.0 -H- 


Hazardous Location. An area or space where combustible 
dust, ignitable fibers, flammable liquids, volatile liquids, 
gases, vapors, or mixtures are or may be present in the air in 
quantities sufficient to produce explosive or ignitable mix- 
tures. 


Hazardous Process Piping (HPP). A process material 
piping or tubing conveying a liquid or gas that has a degree- 
of-hazard rating in health, flammability, or reactivity of Class 
3 or 4, as ranked by the fire code. 


Health Facilities. [OSHPD 1, 1R, 2, 3, 4 & 5] Buildings 
specified within the statutory authority of the Office of 
Statewide Health Planning and Development. 


Heat Pump. A refrigeration system that extracts heat from 
one substance and transfers it to another portion of the same 
substance or to a second substance at a higher temperature 
for a beneficial purpose. 


Heat (Energy) Recovery Ventilator. A device intended 
to remove air from buildings, replace it with outside air, and 
in the process transfer heat from the warmer to the colder 
airstreams. 


Heating Degree Day. A unit, based upon temperature dif- 
ference and time, used in estimating fuel consumption and 
specifying nominal annual heating load of a building. For any 
one day when the mean temperature is less than 65°F (18°C), 
there exist as many degree days as there is Fahrenheit degrees 
difference in temperature between mean temperature for the 
day and 65°F (18°C). 

Heating Equipment. Includes warm air furnaces, warm air 
heaters, combustion products vents, heating air-distribution 
ducts and fans, and all steam and hot water piping, together 
with all control devices and accessories installed as part of, or 
in connection with, any environmental heating system or 
appliance regulated by this code. 


Heating System. A warm air heating plant consisting of a 
heat exchanger enclosed in a casing, from which the heated 
air is distributed through ducts to various rooms and areas. A 
heating system includes the outside air, return air, and supply 
air system, and all accessory apparatus and equipment 
installed in connection therewith. 


36 


High Limit Control Device. An operating device 
installed and serving as an integral component of a deep-fat 
fryer that provides secondary limitation of the grease tem- 
perature by automatically disconnecting the thermal energy 
input when the temperature limit is exceeded. [NFPA 
96:3.3.32] 

High Purity Piping. A form of process piping but is usually 
specified for critical clean applications in the semiconductor, 
pharmaceutical, biotechnology, chemical, fiber optics, food, 
and dairy industries. 


Highside. The parts of a refrigeration system subjected to 
approximately condenser pressure. 


Hood. An air-intake device connected to a mechanical 
exhaust system for collecting and removing grease-laden 
vapors, fumes, smoke, steam, heat, or odors from commer- 
cial food heat-processing equipment. 


Fixed Baffle. A listed unitary exhaust hood design 
where the grease removal device is a nonremovable 
assembly that contains an integral fire-activated water- 
wash fire-extinguishing system listed for this purpose. 
[NFPA 96-2014:3.3.33.1] 


Type I. A kitchen hood for collecting and removing 
grease and smoke. 


Type Il. A general kitchen hood for collecting and 
removing steam, vapor, heat, or odors. 


Hot-Water-Heating Boiler. A boiler having a volume 
exceeding 120 gallons (454 L), a heat input exceeding 200 
000 Btu/h (58.6 kW), or an operating temperature exceeding 
210°F (99°C) that provides hot water to be used externally to 
itself. 


HPM Storage Room. A room used for the storage or dis- 
pensing of hazardous production material (HPM) and that is 
classified as a Group H, Division 1, Division 2, Division 3, 
Division 4, or Division 5 Occupancy. 


Hydronics. Of or relating to a heating or cooling system that 
transfers energy by circulating a fluid through a system of 
pipes or tubing. 

Hydronic System. Relating to, or being a system of, heat- 
ing or cooling that involves the transfer of heat by a circulat- 
ing fluid (such as water or vapor). 


211.0 -I- 


IDLH (Immediately Dangerous to Life and Health). A 
concentration of airborne contaminant’s, normally expressed 
in parts per million (ppm) or milligrams per cubic meter 
(mg/m*), that represents the maximum level from which one 
is capable of escaping within 30 minutes without escape- 
impairing symptoms or irreversible health effects. This level 
is established by the National Institute of Occupational Safety 
and Health (NIOSH). 


Incinerator. An appliance or combustion chamber for the 
reduction, by burning, of rubbish, garbage, and other wastes. 
[NFPA 211:3.3.91] 
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Industrial Heating Equipment. Includes appliances, 
devices, or equipment used, or intended to be used, in an 
industrial, manufacturing, or commercial occupancy for 
applying heat to any material being processed, but shall not 
include water heaters, boilers, or portable equipment used by 
artisans in pursuit of a trade. 


Insanitary Location. An area, space, or room where the 
air is unfit or undesirable for circulation to occupiable parts 
of a building. 


Interconnected. Mutually assembled to another component 
in such a manner that the operation of one directly affects the 
other or that the contents of one specific duct system are 
allowed to encounter or contact the products being moved by 
another duct system. [NFPA 96:3.3.34] 


Interlock. A device that senses a limit or off-limit condition 
or improper sequence of events and shuts down the offending 
or related piece of equipment or prevents proceeding in an 
improper sequence in order to prevent a hazardous condition 
from developing. 

Intermittent Pilot. A pilot that burns during light-off and 
while the main burner is firing, and that is shut off with the 
main burner. 


Interrupted Pilot. A pilot that burns during light-off and 
that is shut off during normal operation of the main burner. 


212.0 mr = 


Joint, Brazed. A joint obtained by joining of metal parts 
with alloys that melt at temperatures exceeding 840°F 
(449°C) but less than the melting temperature of the parts 
being joined. 

Joint, Compression. A multipiece joint with cup-shaped 
threaded nuts that, when tightened, compress tapered sleeves 
so that they form a tight joint on the periphery of the tubing 
they connect. 

Joint, Flanged. One made by bolting together a pair of 
flanged ends. 

Joint, Flared. A metal-to-metal compression joint in which 
a conical spread is made on the end of a tube that is com- 
pressed by a flare nut against a mating flare. 

Joint, Mechanical. General form for gastight or liquid-tight 
joints obtained by the joining of parts through a positive hold- 
ing mechanical construction. 

Joint, Press-Connect. A permanent mechanical joint con- 
sisting of an elastomeric seal or an elastomeric seal and cor- 
rosion-resistant grip ring. The joint is made with a pressing 
tool and jaw or ring approved by the fitting manufacturer. 
Joint, Soldered. A joint obtained by the joining of metal 
parts with metallic mixtures or alloys that melt at a tempera- 
ture up to and including 840°F (449°C). 

Joint, Welded. A gastight joint obtained by the joining of 
metal parts in the plastic molten state. 


213.0 
No definitions. 
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Labeled. Equipment or materials bearing a label of a listing 
agency (accredited conformity assessment body). See Listed 
(Third Party Certified). [HCD 1 & HCD 2] “Labeled” means 
equipment or materials to which has been attached a label, 
symbol or other identifying mark of an organization, 
approved by the Department, that maintains a periodic 
inspection program of production of labeled products, instal- 
lations, equipment, or materials and by whose labeling the 
manufacturer indicates compliance with appropriate stan- 
dards or performance in a specified manner. 


LEL (Lower Explosive Limit). See LFL. 


LFL (Lower Flammable Limit or Lower Limit of Flam- 
mability). The minimum concentration of a substance that 
propagates a flame through a homogeneous mixture of the 
substance and air under the specified test conditions. The LFL 
is sometimes referred to as LEL (Lower Explosive Limit). 
For the purposes of this definition, LFL and LEL are identi- 
cal. 


Limited-Combustible Material. Refers to a building con- 
struction material that does not comply with the definition of 
noncombustible material that, in the form in which it is used, 
has a potential heat value not exceeding 3500 British thermal 
units per pound-force (Btu/Ib) (8141 kJ/kg), where tested in 
accordance with NFPA 259, and includes either of the fol- 
lowing: 

(1) Materials having a structural base of noncombustible 
material, with a surfacing not exceeding a thickness of 
of an inch (3.2 mm), that has a flame-spread index not 
greater than 50. 


(2) Materials, in the form and thickness used, having neither 
a flame-spread index greater than 25 nor evidence of 
continued progressive combustion, and of such compo- 
sition that surfaces that would be exposed by cutting 
through the material on any plane would have neither a 
flame-spread index greater than 25 nor evidence of con- 
tinued progressive combustion, where tested in accor- 
dance with ASTM E84. 


Line Contact Installation. An installation in which a fur- 
nace is installed so that building joists, studs, or framing are 
contacted by the furnace jacket upon the lines formed by the 
intersection of the jacket sides with the top surface. 


Lineset. A set of two refrigerant pipes that extends from the 
condenser to the evaporator (cooling coil) in direct systems, 
consisting of a suction line and a liquid line. 

Liquefied Petroleum Gas (LP-Gas). Means and includes 
a material composed predominantly of any of the following 
hydrocarbons or mixtures of them: propane, propylene, 
butanes (normal butane or isobutane), and butylenes. When 
reference is made to liquefied petroleum gas in this code, it 
shall refer to liquefied petroleum gases in either the liquid or 
gaseous State. 

Liquefied Petroleum Gas (LP-Gas) Facilities. Liquefied 
petroleum gas (LP-Gas) facilities include tanks, containers, 
container valves, regulating equipment, meters, appurtenances, 
or any combination thereof for the storage and supply of liq- 
uefied petroleum gas for a building, structure, or premises. 
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Liquid-Tight. Constructed and performing in such a manner 
as not to permit the passage of liquid at any temperature. 
[NFPA 96:3.3.35] 


Listed (Third Party Certified). Equipment or materials 
included in a list published by a listing agency (accredited 
conformity assessment body) that maintains periodic inspec- 
tion of current production of listed equipment or materials 
and whose listing states either that the equipment or material 
complies with approved standards or has been tested and 
found suitable for use in a specified manner. [HCD 1 & HCD 
2] “Listed” means all products that appear in a list published 
by an approved testing or listing agency. For additional infor- 
mation, see Health and Safety Code Section 17920(h). 


Listed and Listing. [SFM] “Listed” and “Listing” are 
terms referring to equipment or materials included in a list 
published by an approved testing laboratory, inspection 
agency, or other organization concerned with product evalu- 
ation that maintains periodic inspection of current produc- 
tions of listed equipment or materials and which listing states 
that the material or equipment complies with approved 
nationally recognized codes, standards, or tests and has been 
tested or evaluated and found suitable for use in a specific 
manner. These terms shall also mean equipment or materials 
accepted by the State Fire Marshal as conforming to the pro- 
visions of these regulations and which are included in a list 
published by the State Fire Marshal. 


Listing Agency. An agency accredited by an independent 
and authoritative conformity assessment body to operate a 
material and product listing and labeling (certification) sys- 
tem and that are accepted by the Authority Having Jurisdic- 
tion, which is in the business of listing or labeling. The system 
includes initial and ongoing product testing, a periodic inspec- 
tion on current production of listed (certified) products, and 
that makes available a published report of such listing in 
which specific information is included that the material or 
product is in accordance with applicable standards and found 
safe for use in a specific manner. [HCD 1 & HCD 2] “List- 
ing Agency”’ means an agency approved by the Department that 
is in the business of listing and labeling products, materials, 
equipment, and installations tested by an approved testing 
agency, and that maintains a periodic inspection program on 
current production of listed products, equipment, and installa- 
tions, and that at least annually makes available a published 
report of these listings. For additional information, see Health 
and Safety Code Section 17920(i). 


Low-Pressure Hot-Water-Heating Boiler. A boiler fur- 
nishing hot water at pressures not exceeding 160 psi (1103 
kPa) and at temperatures not exceeding 250°F (121°C). 


Low-Pressure Steam-Heating Boiler. A boiler furnish- 
ing steam at pressures not exceeding 15 psi (103 kPa). 


Low-Probability Pump. A pump that (a) is permanently 
sealed to prevent atmospheric release of the pumped fluid, 
(b) incorporates a static seal to prevent atmospheric release of 
the pumped fluid, or (c) incorporates not less than two 
sequential dynamic shaft seals and automatically shuts down 
upon failure of any seal to prevent atmospheric release of the 
pumped fluid. [ASHRAE 15:3] 
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Lowside. Refers to the parts of a refrigeration system sub- 
jected to approximate evaporator pressure. 


215.0 -M- 


Machinery. The refrigeration equipment forming a part of 
the refrigeration system, including, but not limited to, the fol- 
lowing: compressors, condensers, liquid receivers, evapora- 
tors, and connecting piping. 


Machinery Room. [SFM] Machinery Room is a room in 
which a refrigeration system is permanently installed and 
operated but not including evaporators located in a cold stor- 

age room, refrigerator box, air-cooled space or other 
enclosed space. Closets solely contained within, and opening 
only into, a room shall not be considered machinery rooms, 

but shall be considered a part of the machinery rooms in 
which they are contained or open into. It is not the intent of 
this definition to cause the space in which unit or self-con- 
tained systems of Group I refrigerants are locate to be clas- 
sified as machinery rooms. 


Mechanical Ventilation. Ventilation provided by mechan- 
ically powered equipment, such as motor-driven fans and 
blowers, but not by devices such as wind-driven turbine ven- 
tilators and mechanically operated windows. [ASHRAE 
62.1:3] 


Miniature Boiler. A power boiler having an internal shell 
diameter of 16 inches (406 mm) or less, a gross volume of 5 
cubic feet (0.14 m*) or less, a heating surface of 20 square 
feet (1.86 m’) or less (not applicable to electric boilers), and 
not exceeding 100 psi (689 kPa). 
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Natural Ventilation. Ventilation provided by thermal, wind, 
or diffusion effects through doors, windows, or other inten- 
tional openings in the building. [ASHRAE 62.1:3] 


Noncombustible Material. As applied to building con- 
struction material, means a material that in the form in which 
it is used is either one of the following: 


(1) A material that, in the form in which it is used and under 
the conditions anticipated, will not ignite, burn, support 
combustion, or release flammable vapors when subjected 
to fire or heat. Materials that are reported as passing 
ASTM E136 are considered noncombustible material. 


(2) Material having a structural base of noncombustible 
material as defined in item 1 above, with a surfacing 
material not over of an inch (3.2 mm) thick that has a 
flame-spread index not higher than 50. 


Noncombustible does not apply to surface finish materi- 
als. Material required to be noncombustible for reduced clear- 
ances to flues, heating appliances, or other sources of high 
temperature shall refer to material in accordance with item | 
above. No material shall be classed as noncombustible that is 
subject to increase in combustibility or flame-spread index 
beyond the limits herein established, through the effects of 
age, moisture, or other atmospheric condition. 
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Nonhazardous Process Piping (NPP). Production 
material piping or tubing conveying a liquid or gas that is not 
classified as hazardous production material piping. 
Nuisance. [HCD 1 & HCD 2] “Nuisance” shall mean any 
nuisance as defined in Health and Safety Code Section 
17920()). 

Notes: 


1. For applications subject to the Mobilehome Parks Act as 
referenced in Section 1.8.3.2.2 of this code, refer to Cal- 
ifornia Code of Regulations, Title 25, Division 1, Chap- 
ter 2 for the definition of “Nuisance”. 


2. For applications subject to the Special Occupancy Parks 
Act as referenced in Section 1.8.3.2.3 of this code, refer 
to California Code of Regulations, Title 25, Division 1, 
Chapter 2.2 for the definition of “Nuisance”. 


2170 -O- 


Occupancy. The purpose for which a building or part 
thereof is used or intended to be used. 


Occupancy, Nontransient. Occupancy of a dwelling unit 
or sleeping unit for more than 30 days. [ASHRAE 62.1:3] 


Occupancy Classification. Classifications are defined in 
the building code. [HCD 1, HCD 2 & SFM] Whenever the 
term “Building Code” is used in this code, it shall mean the 
California Building Code, Title 24, Part 2. 


Occupational Exposure Limit (OEL). The time- 
weighted average (TWA) concentration for a normal 8-hour 
workday and a 40-hour workweek to which nearly all work- 
ers can be repeatedly exposed without adverse effect, based 
on the OSHA PEL, ACGIH TLV-TWA, TERA OARS- 
WEEL, or consistent value. [ASHRAE 34:3] 

Occupiable Space. An enclosed space intended for human 
activities, excluding spaces that are intended to be occupied 
occasionally and for short periods of time, such as storage 
rooms, equipment rooms, and emergency exitways. 
[ASHRAE 62.1:3] 

Open Combustible Construction. Combustible build- 
ing construction, including wall, structural framing, roof, roof 
ceiling, floor, and floor-ceiling assemblies, adjacent to a 
grease duct on three or fewer sides where one or more sides 
require protection in accordance with Section 507.4. 


218.0 -P- 

Package Boiler. A class of boiler defined herein and shall 
be a boiler equipped and shipped complete with fuel-burning 
equipment, automatic controls and accessories, and mechan- 
ical draft equipment. 

PE. Polyethylene. 

PE-AL-PE. Polyethylene-aluminum-polyethylene. 

PE-RT. Polyethylene of raised temperature. 

PEL (Permissible Exposure Limit). The time-weighted 
average concentration [set by the U.S. Occupational Safety 
and Health Administration (OSHA)] for a normal 8-hour 
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workday and a 40-hour workweek to which nearly all work- 
ers can be repeatedly exposed without adverse effect. Chem- 
ical manufacturers publish similar recommendations [e.g., 
acceptable exposure level (AEL), industrial exposure limit 
(IEL), or occupational exposure limit (OEL), depending on 
the company], generally for substances for which PEL has 
not been established. [ASHRAE 34:3] The maximum per- 
mitted time-weighted average exposures to be utilized are 
those published in 29 CFR 1910.1000. 


PEX. Cross-linked polyethylene. 


PEX-AL-PEX. Cross-linked polyethylene-aluminum-cross- 
linked polyethylene. 


Pilot. A burner smaller than the main burner that is ignited 
by a spark or other independent and stable ignition source, 
and that provides ignition energy required to immediately 
light off the main burner. 


Piping. The pipe or tube mains for interconnecting the var- 
ious parts of a system. Piping includes pipe, tube, flanges, 
bolting, gaskets, valves, fittings the pressure-containing parts 
of other components such as expansion joints, strainers, and 
devices that serve such purposes as mixing, separating, snub- 
bing, distributing, metering, or controlling flow, pipe-sup- 
porting fixtures and structural attachments. 


Pitched. To be fixed or set at a desired angle or inclination. 
[NFPA 96:3.3.39] 


Plenum. An air compartment or chamber including unin- 
habited crawl space areas above a ceiling or below a floor, 
including air spaces below raised floors of computer/data pro- 
cessing centers or attic spaces, to one or more ducts are con- 
nected and that forms part of either the supply-air, return-air, 
or exhaust-air system, other than the occupiable space being 
conditioned. 


Plumbing Code. The Uniform Plumbing Code promul- 
gated by the International Association of Plumbing and 
Mechanical Officials, as adopted by this jurisdiction. [HCD 
1 & HCD 2] Whenever the term “Plumbing Code” is used in 
this code, it shall mean the California Plumbing Code, Title 
24) Part J. 


Portable Cooling Unit. A self-contained refrigerating sys- 
tem, not over 3 horsepower (hp) (2.2 kW) rating that has been 
factory assembled and tested, installed without supply-air 
ducts and without connecting any refrigerant-containing 
parts. This definition shall not include an absorption unit. 


Portable Evaporative Cooler. An evaporative cooler that 
discharges the conditioned air directly into the conditioned 
area without the use of ducts and can be readily transported 
from place to place without dismantling any portion thereof. 


Portable Heating Appliance. A heating appliance 
designed for environmental heating that may have a self-con- 
tained fuel supply and is not secured or attached to a building 
by any means other than by a factory-installed power supply 
cord. 

Portable Ventilating Equipment. Ventilating equipment 
that can be readily transported from place to place without 
dismantling a portion thereof and that is not connected to a 
duct. 
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Power Boiler. A boiler in which steam is generated at pres- 
sures exceeding 15 psi (103 kPa). 


Power Boiler Plant. One or more power steam boilers or 
power hot water boilers and connecting piping and vessels 
within the same premises. 


Power Hot Water Boiler (High Temperature Water 
Boiler). A boiler used for heating water or liquid to a pres- 
sure exceeding 160 psi (1103 kPa) or to a temperature exceed- 
ing 250°F (121°C). 
PP. Polypropylene. 


Pressure, Design. The maximum working pressure for 
which a specific part of a refrigeration system is designed. 


Pressure, Field Test. A test performed in the field to prove 
system tightness. 


Pressure-Ilmposing Element. A device or portion of the 
equipment used for the purpose of increasing the pressure of 
the refrigerant vapor. 


Pressure-Limiting Device. A pressure-responsive mech- 
anism designed to automatically stop the operation of the 
pressure-imposing element at a predetermined pressure. 


Pressure-Relief Device. A pressure-actuated valve or rup- 
ture member or fusible plug designed to automatically relieve 
excessive pressure. 


Pressure Test. The minimum gauge pressure to which a 
specific system component is subjected under test condition. 


Pressure Vessel (Unfired). A closed container, having a 
nominal internal diameter exceeding 6 inches (152 mm) and 
a volume exceeding 1'4 cubic feet (0.04 m*), for liquids, 
gases, vapors subjected to pressures exceeding 15 psi (103 
kPa), or steam under a pressure. 


Pressure Vessel, Refrigerant. A refrigerant-containing 
receptacle that is a portion of a refrigeration system, but shall 
not include evaporators, headers, or piping of certain limited 
size and capacity. 


Process Piping. Piping or tubing that conveys liquid or 
gas, which is used directly in research, laboratory, or pro- 
duction processes. 


Product-Conveying Duct. Ducting used for conveying 
solid particulates, such as refuse, dust, fumes, and smoke; liq- 
uid particulate matter, such as spray residue, mists, and fogs; 
vapors, such as vapors from flammable or corrosive liquids; 
noxious and toxic gases; and air at temperatures exceeding 
20 BX L21EC}: 

Purge. The acceptable method of scavenging the combus- 
tion chamber, boiler passes, and breeching to remove com- 
bustible gases. 


PVC. Polyvinyl chloride. 
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Qualified. A competent and capable person or company that 
has met the requirements and training for a given field accept- 
able to the Authority Having Jurisdiction. 

Quick-Disconnect Device, Fuel Gas. A hand-operated 
device that provides a means for connecting and disconnect- 
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ing an appliance or an appliance connector to a gas supply 
and that is equipped with an automatic means to shut off the 
gas supply when the device is disconnected. [NFPA 
54:3.3.28.3] 
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Radiant Room Heater. A room heater designed to transfer 
heat primarily by direct radiation. [NFPA 211:3.3.88.2.2] 


Receiver, Liquid. A vessel permanently connected to a 
refrigeration system by inlet and outlet pipes for storage of 
liquid. 

Recirculating Systems. Systems for control of smoke or 


grease-laden vapors from commercial cooking equipment that 
do not exhaust to the outside. [NFPA 96:3.3.41] 


Reclaimed Refrigerants. Refrigerants reprocessed to the 
same specifications as new refrigerants by any means, includ- 
ing distillation. Such refrigerants have been chemically ana- 
lyzed to verify that those specifications have been met. 
[ASHRAE 15:3] 


Recovered Refrigerants. Refrigerants removed from a 
system in any condition without necessarily testing or pro- 
cessing them. [ASHRAE 15:3] 


Recycled Refrigerants. Refrigerants for which contami- 
nants have been reduced by oil separation, removal of non- 
condensible gases, and single or multiple passes through filter 
driers or other devices that reduce moisture, acidity, and par- 
ticulate matter. [ASHRAE 15:3] 


Refrigerant Designation. The unique identifying alphanu- 
meric value assigned to an individual refrigerant. 


Refrigerant Safety Classifications. Made up of a letter 
(A or B), that indicates the toxicity class, followed by a num- 
ber (1, 2, or 3), that indicates the flammability class. Refrig- 
erant blends are similarly classified, based on the compositions 
at their worst cases of fractionation, as separately determined 
for toxicity and flammability. In some cases, the worst case 
of fractionation is the original formulation. 


Flammability Classification. Refrigerants shall be 
classified for flammability in accordance with one of the 
following: 


Class 1. Refrigerants that do not show flame prop- 
agation where tested in air at 14.7 pound-force per 
square inch absolute (psia) (101 kPa) and 140°F 
(60°C). 

Class 2. Refrigerants having a lower flammability 
limit (LFL) of more than 0.00625 pound per cubic 
foot (Ib/ft?) (0.10012 kg/m?) at 140°F (60°C), 14.7 
psia (101 kPa), and a heat of combustion of less than 
8169 British thermal units per pound (Btu/Ib) 
(1.8988 E+07 J/kg). 

Class 3. Refrigerants that are highly flammable 
having a LFL of not more than 0.00625 Ib/ft? 
(0.10012 kg/m?) at 140°F (60°C) and 14.7 psia (101 
kPa) or a heat of combustion not less than 8169 
Btu/Ib (1.8988 E+07 J/kg). 
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Toxicity Classification. Refrigerants shall be classi- 
fied for the toxicity in accordance with one of the fol- 
lowing: 
Class A. Refrigerants have an occupational expo- 
sure limit (OEL) of not less than 400 parts per mil- 
lion (ppm). 
Class B. Refrigerants have an OEL of less than 400 
ppm. 
Refrigeration Machinery Room. A room designed to 
house compressors and refrigerant pressure vessels. 


Refrigeration Room or Space. A room or space in which 
an evaporator or brine coil is located for the purpose of reduc- 
ing or controlling the temperature within the room or space to 
less than 68°F (20°C). 


Refrigeration System, Absorption. A heat-operated 
closed refrigeration cycle in which a secondary fluid, the 
absorbent, absorbs a primary fluid, the refrigerant that has 
been vaporized in the evaporator. 


Refrigeration System, Direct. A system in which the 
evaporator or condenser of the refrigerating system is in direct 
contact with the air or other substances to be cooled or heated. 
[ASHRAE 15:5.1.1] 


Refrigeration System, Indirect. A system in which a sec- 
ondary coolant cooled or heated by the refrigerating system 
is circulated to the air or other substance to be cooled or 
heated. Indirect systems are distinguished by the method of 
application given below. [ASHRAE 15:5.1.2] 


Indirect Open Spray System. A system in which a 
secondary coolant is in direct contact with the air or other 
substance to be cooled or heated. [ASHRAE 15:5.1.2.1] 


Double Indirect Open Spray System. A system in 
which the secondary substance for an indirect open spray 
system is heated or cooled by the secondary coolant cir- 
culated from a second enclosure. [ASHRAE 15:5.1.2.2] 


Indirect Closed System. A system in which a sec- 
ondary coolant passes through a closed circuit in the air 
or other substance to be cooled or heated. [ASHRAE 
1525.1.2:3] 


Refrigeration System, Mechanical. A combination of 
interconnected refrigerant-containing parts constituting one 
closed refrigerant circuit in which a refrigerant is circulated 
for the purpose of extracting heat and in which a compressor 
is used for compressing the refrigerant vapor. 


Refrigeration System, Self-Contained. A complete fac- 
tory-assembled and tested system that is shipped in one or 
more sections and has no refrigerant-containing parts that are 
joined in the field by other than companion or block valves. 
Registered Design Professional. An individual who is 
registered or licensed by the laws of the state to perform such 
design work in the jurisdiction. 

Relief Valve, Vacuum. A device which automatically opens 
or closes for relieving a vacuum with the system, depending 
on whether the vacuum is above or below a predetermined 
value. 
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Removable. Capable of being transferred to another loca- 
tion with a limited application of effort and tools. [NFPA 
96:3.3.42] 


Replacement Air. See Air, Makeup. 


Residential Building. A building or portion thereof 
designed or used for human habitation. 


Riser Heat Pipe. A duct that extends at an angle of 45 
degrees (0.79 rad) from the horizontal. This definition shall 
not include any boot connection. 


Room Heater. A freestanding, nonrecessed, environmental 
heating appliance installed in the space being heated and not 
connected to ducts. 


Room Heater, Unvented. An unvented, self-contained, 
freestanding, nonrecessed, fuel gas-burning appliance for fur- 
nishing warm air by gravity or fan circulation to the space in 
which installed, directly from the heater without duct con- 
nection. [NFPA 54:3.3.56.6] 


Rupture Member. A pressure-relief device that operates by 
the rupture of a diaphragm within the device on a rise to a 
predetermined pressure. 


221.0 -S- 
Seam, Welded. See Joint, Welded. 


Secondary Filtration. Fume incinerators, thermal recovery 
units, air pollution control devices or other filtration media 
installed in ducts or hoods located in the path of travel of 
exhaust products after the initial filtration. 


Self-Contained. Having all essential working parts, except 
energy and control connections, so contained in a case or 
framework that they do not depend on appliances or fasten- 
ings outside of the machine. 


Service Corridor. A fully enclosed passage used for trans- 
porting hazardous production materials and purposes other 
than required exiting. 


Service Piping. The piping and equipment between the 
street gas main and the gas piping system inlet that is installed 
by, and is under the control and maintenance of, the serving 
gas supplier. 

Shaft. An interior space enclosed by walls or construction 
extending through one or more stories or basements that con- 
nect openings in successive floors, or floors and roof, to 
accommodate elevators, dumbwaiters, mechanical equip- 
ment, or similar devices to transmit light or ventilation air. 
Shaft Enclosure. The walls or construction forming the 
boundaries of a shaft. 


Shall. Indicates a mandatory requirement. 


Should. Indicates a recommendation or that which is 
advised but not required. 

Single Hazard Area. Where two or more hazards can be 
simultaneously involved in fire by reason of their proximity, 
as determined by the Authority Having Jurisdiction. [NFPA 
96:3.3.44] 

Smoke Detector. An approved device that senses visible 
or invisible particles of combustion. 
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Solid Cooking Fuel. A solid, organic, consumable fuel 
such as briquettes, mesquite, hardwood, or charcoal. [NFPA 
96:3.3.45] 


Solid-Fuel Cooking Equipment. Cooking equipment that 
utilizes solid fuel. [NFPA 96:3.3.23.2] This equipment 
includes ovens, tandoori charcoal pots, grills, broilers, rotis- 
series, barbecue pits, or other type of cooking equipment that 
derives all or part of its heat source from the burning of solid 
cooking fuel. 


Solvent. A substance (usually liquid) capable of dissolving 
or dispersing another substance; a chemical compound 
designed and used to convert solidified grease into a liquid 
or semiliquid state in order to facilitate a cleaning operation. 
[NFPA 96:3.3.46] 


Spark Arrester. A device or method that minimizes the pas- 
sage of airborne sparks and embers into a plenum, duct, and 
flue. [NFPA 96:3.3.48] 


Standard. A document, the main text of which contains only 
mandatory provisions using the word “shall” to indicate 
requirements and that is in a form generally suitable for 
mandatory reference by another standard or code or for adop- 
tion into law. Nonmandatory provisions shall be located in 
an appendix, footnote, or fine-print note and are not to be con- 
sidered a part of the requirements of a standard. 


Stationary Fuel Cell Power Plant. A self-contained pack- 
age or factory-matched packages that constitute an automat- 
ically operated assembly of integrated systems for generating 
useful electrical energy and recoverable energy that is per- 
manently connected and fixed in place. 


Steam-Heating Boiler. A boiler operated at pressures not 
exceeding 15 psi (103 kPa) for steam. 

Strength, Ultimate. The highest stress level that the com- 
ponent can tolerate without rupture. 


System Outdoor Airflow. The rate of outdoor airflow 
required at the ventilation system outdoor air intake. 
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Termination, Duct. The final or intended end portion of a 
duct system that is designed and functions to fulfill the obli- 
gations of the system in a satisfactory manner. [NFPA 
963 319) 


Testing Agency. [HCD 1 & HCD 2] See “Approved Test- 
ing Agency”. 

Thermal Recovery Unit. A device or series of devices 
whose purpose is to reclaim only the heat content of air, 
vapors, gases, or fluids that are being expelled through the 
exhaust system and to transfer the thermal energy so 


reclaimed to a location whereby a useful purpose can be 
served. [NFPA 96:3.3.49] 


Trained. A person who has become proficient in perform- 
ing a skill reliably and safely through instruction and prac- 
tice/field experience acceptable to the Authority Having 
Jurisdiction. [NFPA 96:3.3.50] 


Transition Gas Riser. A listed or approved section or sec- 
tions of pipe and fittings used to convey fuel gas and installed 
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in a gas piping system for the purpose of providing a transi- 
tion from belowground to aboveground. 

Trap. A cuplike or U-shaped configuration located on the 
inside of a duct system component where liquids can accu- 
mulate. [NFPA 96:3.3.51] 


Type B Gas Vent. A factory-made gas vent listed by a 
nationally recognized testing agency for venting listed or 
approved appliances equipped to burn only gas. 


Type B-W Gas Vent. A factory-made gas vent listed by a 
nationally recognized testing agency for venting listed or 
approved gas-fired vented wall furnaces. 


Type L Gas Vent. A venting system consisting of listed vent 
piping and fittings for use with oil-burning appliances listed 
for use with Type L or with listed gas appliances. 
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UMC. [HCD 1, HCD 2, OSHPD 1, 1R, 2, 3, 4 & 5] The 
most recent edition of Uniform Mechanical Code published 
by the International Association of Plumbing and Mechanical 
Officials. 


Unit Heater. A heating appliance designed for nonresiden- 
tial space heating and equipped with an integral means for 
circulation of air. 


Unusually Tight Construction. Construction where: 
(1) Walls and ceilings exposed to the outdoors have a con- 


tinuous water vapor retarder with a rating of 1 perm or 
less with openings gasketed or sealed. 

(2) Weatherstripping is on openable windows and doors. 

(3) Caulking or sealants are applied to areas such as joints 
around window and door frames, between sole plates and 
floors, between wall-ceiling joints, between wall panels, 
and at penetrations for plumbing, electrical, and gas lines 
and at other openings. 

Use (Material). The placing in action or making available 

for service by opening or connecting a container utilized for 

confinement of material, whether a solid, liquid, or gas. 
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Vacuum. A pressure less than that exerted by the atmos- 
phere. 

Valve, Pressure-Relief. A pressure-actuated valve held 
closed by a spring or other means and designed to automati- 
cally relieve pressure in excess of its setting. 

Valve, Stop. A device in a piping system to shut off the flow 
of the fluid. 

Valve, Three-Way-Type Stop. A manually operated valve 
with one inlet that alternately can stop flow to either of two 
outlets. 

Valves, Companion or Block. Pairs of mating stop valves 
valving off sections of refrigeration systems and arranged so 
that these sections may be joined before opening these valves 
or separated after closing them. 
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Vent, Gas. A passageway composed of listed factory-built 
components assembled in accordance with the manufacturer’s 
installation instructions for conveying vent gases from appli- 
ances or their vent connectors to the outdoors. [NFPA 
54:3.3.53] 


Vent Connector, Gas. That portion of a gas-venting sys- 
tem that connects a listed gas appliance to a gas vent and is 
installed within the space or area in which the appliance is 
located. 


Vent Offset. An arrangement of two or more fittings and 

pipe installed for the purpose of locating a vertical section of 

vent pipe in a different but parallel plane with respect to an 
| adjacent section of vertical vent pipe. [NFPA 54:3.3.102] 


Vented Appliance Categories. 


Category I. An appliance that operates with a nonpos- 
itive vent static pressure and with a vent gas temperature 
that avoids excessive condensate production in the vent. 
[NFPA 54:3.3.5.11.1] 


Category Il. An appliance that operates with a nonpos- 
itive vent static pressure and with a vent gas temperature 
that can cause excessive condensate production in the 
vent. [NFPA 54:3.3.5.11.2] 


Category Ill. An appliance that operates with a positive 
vent static pressure and with a vent gas temperature that 
avoids excessive condensate production in the vent. 
[NFPA 54:3.3.5.11.3] 


Category IV. An appliance that operates with a positive 
vent static pressure and with a vent gas temperature that 


can cause excessive condensate production in the vent. 
[NFPA 54:3.3.5.11.4] 


Vented Decorative Appliance. A vented appliance whose 
only function is providing an aesthetic effect of flames. 


Vented Wall Furnace. A self-contained, vented, fuel gas- 
burning appliance complete with grilles or equivalent, 
designed for incorporation in or permanent attachment to the 
structure of a building and furnishing heated air, circulated 
by gravity or by a fan, directly into the space to be heated 
through openings in the casing. [NFPA 54:3.3.45.7] 


Ventilating Ceiling. A suspended ceiling containing many 
small apertures through which air, at low pressure, is forced 
downward from an overhead plenum dimensioned by the con- 
cealed space between the suspended ceiling and the floor or 
roof above. 


Ventilation System. All of that equipment intended or 
installed for the purpose of supplying air to or removing air 
from, any room or space by mechanical means, other than 
equipment that is a portion of an environmental heating, cool- 
ing, absorption, or evaporative cooling system. 


Venting Collar. The outlet opening of an appliance provided 
for connection of the vent system. 


Venting System. The vent or chimney and its connectors, 
assembled to form a continuous open passageway from an 
appliance to the outdoors for the purpose of removing prod- 
ucts of combustion. This definition also shall include a vent- 
ing assembly that is an integral part of an appliance. 
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Venting System, Gravity-Type. A system that depends 
entirely on the heat from the fuel being used to provide the 
energy required to vent an appliance. 

Venting System, Power-Type. A system that depends on 
a mechanical device to provide a positive draft within the 
venting system. 

Volume, Internal Gross. The volume as determined from 
internal dimensions of the container, with no allowance for 
the volume of the internal parts. 
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Wall Heater. See Vented Wall Furnace. 

Warm Air Furnace. An environmental heating appliance 
designed or arranged to discharge heated air through any duct 
or ducts. This definition shall not include a unit heater. 
Water Heater or Hot-Water-Heating Boiler. An appli- 
ance designed primarily to supply hot water for domestic or 
commercial purposes and equipped with automatic controls 
limiting water temperature to a maximum of 210°F (99°C). 


226.0 -X- 
No definitions. 
227.0 -Y- 
No definitions. 
228.0 -Z- 


Zeotropic. Blends comprising multiple components of dif- 
ferent volatilities that, when used in refrigeration cycles, 
change volumetric composition and saturation temperatures 
as they evaporate or condense at constant pressure. 
[ASHRAE 34:3] 


Zone. [OSHPD 1, 2, 3, 4 & 5] A space or group of spaces 
within a building for which the heating, or cooling require- 
ments are sufficiently similar that desired conditions can be 
maintained throughout by a single controlling device. 
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CALIFORNIA MECHANICAL CODE - MATRIX ADOPTION TABLE 
CHAPTER 3 —- GENERAL REGULATIONS 
(Matrix Adoption Tables are non-regulatory, intended only as an aid to the code user. See Chapter 1 for state agency authority and building applications.) 
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CHAPTER 3 
GENERAL REGULATIONS 


301.0 General. 


301.1 Applicability. This chapter covers general require- 
ments for heating, ventilating, air-conditioning, refrigeration, 
miscellaneous heat-producing, and energy-utilizing equip- 
ment or appliances. Such equipment or appliances shall com- 
ply with the requirements of this code. 


301.2 Approval. Equipment or appliance shall be approved 
by the Authority Having Jurisdiction for safe use or comply 
with applicable nationally recognized standards as evidenced 
by the listing and label of an approved agency. A list of 
accepted standards is included in Chapter 17. Defective mate- 
rials or parts shall be replaced in such a manner as not to 
invalidate an approval. 


| 301.3 Design of Equipment. The installer or contractor 
shall furnish satisfactory evidence that the appliance is con- 
structed in accordance with the requirements of this code. The 
permanently attached label of an approved agency shall be 
permitted to be accepted as such evidence. 


301.4 Electrical Connections. For equipment regulated 
by this code: 


(1) Equipment requiring electrical connections of more than 
50 volts shall have a positive means of disconnect adja- 
cent to and in sight from the equipment served. 


Exception: Other power disconnect means shall be 
acceptable where in accordance with the California Elec- 
trical Code. 


(2) A 120 volt receptacle shall be located within 25 feet 
(7620 mm) of the equipment for service and maintenance 
purposes. The receptacle outlet shall be on the supply 
side of the disconnect switch. The receptacle need not be 
located on the same level as the equipment. 


(3) Electrical wiring, controls, and connections to equipment 
and appliances regulated by this code shall be in accor- 
dance with the California Electrical Code. 


301.5 Oil-Burning Appliances. The tank, piping, and 
valves for appliances burning oil shall be installed in accor- 
dance with the requirements of NFPA 31. 


301.6 Personnel Protection. A metal guard shall be pro- 
vided around exposed flywheels, fans, pulleys, belts, and 
moving machinery that are portions of a heating, ventilating, 
or refrigerating system. 

301.7 OSHPD 1R [OSHPD 1R]. For OSHPD IR, refer to 


Section 309 of California Existing Building Code for general 
requirements. 


302.0 Materials — Standards and Alternates. 

302.1 Minimum Standards. Listed pipe, pipe fittings, 
appliances, appurtenances, equipment, materials, and devices 
used in a mechanical system shall be listed (third-party certi- 
fied) by a listing agency (accredited conformity assessment 
body) as complying with the approved applicable recognized 


2022 CALIFORNIA MECHANICAL CODE 


standards referenced in this code, and shall be free from 
defects. Unless otherwise provided for in this code, materials, 
appurtenances, or devices used or entering into the construc- 
tion of mechanical systems, or parts thereof, shall be submit- 
ted to the Authority Having Jurisdiction for approval prior to 
being installed. 


302.1.1 Marking. Each length of pipe and each pipe fit- 
ting, material, and device used in a mechanical system 
shall have cast, stamped, or indelibly marked on it any 
markings required by the applicable referenced standards 
and listing agency, and the manufacturer’s mark or name, 
which shall readily identify the manufacturer to the end 
user of the product. Where required by the approved 
standard that applies, the product shall be marked with 
the weight and the quality of the product. Materials and 
devices used or entering into the construction of mechan- 
ical systems, or parts thereof, shall be marked and iden- 
tified in a manner satisfactory to the Authority Having 
Jurisdiction. Such marking shall be done by the manu- 
facturer. Field markings shall not be acceptable. 


Exception: Markings shall not be required on nipples 
created from cutting and threading of approved pipe. 


302.1.2 Standards. Standards listed or referred to in 
this chapter or other chapters cover materials that will 
conform to the requirements of this code, where used in 
accordance with the limitations imposed in this or other 
chapters thereof and their listing. Where a standard cov- 
ers materials of various grades, weights, quality, or con- 
figurations, the portion of the listed standard that is 
applicable shall be used. Design and materials for spe- 
cial conditions or materials not provided for herein shall 
be permitted to be used by special permission of the 
Authority Having Jurisdiction after the Authority Hav- 
ing Jurisdiction has been satisfied as to their adequacy. A 
list of mechanical standards that appear in specific sec- 
tions of this code is referenced in Table 1701.1. Stan- 
dards referenced in Table 1701.1 shall be applied as 
indicated in the applicable referenced section. A list of 
additional approved standards, publications, practices | 
and guides that are not referenced in specific sections of 
this code appear in Table 1701.2. i 


302.1.3 Existing Buildings. In existing buildings or 
premises in which mechanical installations are to be 
altered, repaired, or renovated, the Authority Having 
Jurisdiction has discretionary powers to permit deviation 
from the provisions of this code, provided that such pro- 
posal to deviate is first submitted for proper determina- 
tion in order that health and safety requirements, as they 
pertain to mechanical systems, shall be observed. 


302.2 Alternate Materials and Methods of Construc- 
tion Equivalency. Nothing in this code is intended to pre- 
vent the use of systems, methods, or devices of equivalent or 
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superior quality, strength, fire resistance, effectiveness, dura- 
bility, and safety over those prescribed by this code. Techni- 
cal documentation shall be submitted to the Authority Having 
Jurisdiction to demonstrate equivalency. The Authority Hav- 
ing Jurisdiction shall have the authority to approve or disap- 
prove the system, method, or device for the intended purpose. 


However, the exercise of this discretionary approval by 
the Authority Having Jurisdiction shall have no effect beyond 
the jurisdictional boundaries of said Authority Having Juris- 
diction. An alternate material or method of construction so 
approved shall not be considered as in accordance with the 
requirements, intent, or both of this code for a purpose other 
than that granted by the Authority Having Jurisdiction where 
the submitted data does not prove equivalency. 


302.2.1 Testing. The Authority Having Jurisdiction 
shall have authority to require tests, as proof of equiva- 
lency. 


302.2.1.1 Tests. Tests shall be made in accordance 
with approved testing standards, by an approved 
testing agency at the expense of the applicant. In the 
absence of such standards, the Authority Having 
Jurisdiction shall have the authority to specify the 
test procedure. 


302.2.1.2 Request by the Authority Having 
Jurisdiction. The Authority Having Jurisdiction 
shall have the authority to require tests to be made or 
repeated where there is reason to believe that a mate- 
rial or device no longer is in accordance with the 
requirements on which its approval was based. 


302.3 Alternative Engineered Design. An alternative 
engineered design shall comply with the intent of the provi- 
sions of this code and shall provide an equivalent level of 
quality, strength, effectiveness, fire resistance, durability, and 
safety. Material, equipment, or components shall be designed 
and installed in accordance with the manufacturer’s installa- 
tion instructions. 


302.3.1 Permit Application. The registered design 
professional shall indicate on the design documents that 
the mechanical system, or parts thereof, is an alternative 
engineered design so that it is noted on the construction 
permit application. The permit and permanent permit 
records shall indicate that an alternative engineered 
design was part of the approved installation. 


302.3.2 Technical Data. The registered design pro- 
fessional shall submit sufficient technical data to sub- 
stantiate the proposed alternative engineered design and 
to prove that the performance meets the intent of this 
code. 


302.3.3 Design Documents. The registered design 
professional shall provide two complete sets of signed 
and sealed design documents for the alternative engi- 
neered design for submittal to the Authority Having 
Jurisdiction. The design documents shall include floor 
plans of the work. Where appropriate, the design docu- 
ments shall indicate location, sizing, and loading of 
appurtenances, equipment, appliances, and devices. 
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302.3.4 Design Approval. An approval of an alterna- 
tive engineered design shall be at the discretion of the 
Authority Having Jurisdiction. The exercise of this dis- 
cretionary approval by the Authority Having Jurisdiction 
shall have no effect beyond the jurisdictional boundaries 
of said Authority Having Jurisdiction. An alternative 
engineered design so approved shall not be considered 
as in accordance with the requirements, intent, or both 
of this code for a purpose other than that granted by the 
Authority Having Jurisdiction. 


302.3.5 Design Review. The Authority Having Juris- 
diction shall have the authority to require testing of the 
alternative engineered design in accordance with Section 
302.2.1, including the authority to require an independ- 
ent review of the design documents by a registered 
design professional selected by the Authority Having 
Jurisdiction and at the expense of the applicant. 


302.3.6 Inspection and Testing. The alternative 
engineered design shall be tested and inspected in accor- 
dance with the submitted testing and inspection plan and 
the requirements of this code. 


303.0 Installation. 


303.1 Listed Appliances. The installation of equipment 
and appliances regulated by this code shall be in accordance 
with the conditions of the listing, the manufacturer’s instal- 
lation instructions and this code. The manufacturer’s instal- 
lation and operating instructions shall be attached to the 
appliance. Clearances of listed equipment and appliances 
from combustible materials shall be as specified in the listing 
or on the rating plate. 


303.2 Closet or Alcove Installations. [Not adopted 
for OSHPD 1, 1R, 2, 3, 4 & 5] Central heating furnaces and 
boilers installed in closets or alcoves shall be listed for such 
installation. Central heating furnaces not listed for closet or 
alcove installation shall be installed in a room or space hav- 
ing a volume not less than 12 times the total volume of the 
furnace. Central heating boilers not listed for closet or alcove 
installation shall be installed in a room or space having a vol- 
ume 16 times the volume of the boiler. Where the ceiling 
height of the room or space exceeds 8 feet (2438 mm), the 
volume shall be calculated on the basis of an 8 foot (2438 
mm) height. 

The installation clearances shall be in accordance with 


the appliance listing, shall not be reduced, and shall be 
installed in accordance with Section 904.1. 


303.3 Unlisted Appliances. Except as otherwise permit- 
ted in this code, unlisted equipment and appliances shall be 
approved by the Authority Having Jurisdiction prior to being 
installed. Unlisted equipment and appliances shall be installed 
in accordance with the manufacturer’s installation instruc- 
tions and with clearances from combustible materials in 
accordance with Section 303.10 or Section 303.10.1. 


303.4 Anchorage of Appliances. Appliances designed to 
be fixed in position shall be securely fastened in place in 
accordance with the manufacturer’s installation instructions. 
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Supports for appliances shall be designed and constructed to 
sustain vertical and horizontal loads within the stress limita- 
tions specified in the building code. 


303.5 Movement. Movement of appliances with casters 
shall be limited by a restraining device installed in accordance 
with the connector and appliance manufacturer’s installation 
instructions. 


303.6 Identification of Equipment. Where more than one 
heating, cooling, ventilating, or refrigerating system is 
installed on the roof of a building or within a building, it shall 
be permanently identified as to the area or space served by 
the equipment. 


303.7 Liquefied Petroleum Gas Facilities. Containers, 
container valves regulating equipment, and appurtenances for 
the storage and supply of liquefied petroleum gas shall be 
installed in accordance with and the California Fire Code. 


303.71 Liquefied Petroleum Gas [LP-Gas] Appli- 
ances. [HCD 1 & HCD 2] Liquefied petroleum gas- 
burning appliances shall not be installed in a pit, 
basement, or similar location where heavier-than-air gas 
might collect. Appliances so fueled shall not be installed 
in an above-grade under-floor space or basement unless 
such location is provided with an approved means for 
removal of unburned gas. 


303.8 Appliances on Roofs. Appliances on roofs shall be 
designed or enclosed so as to withstand climatic conditions in 
the area in which they are installed. Where enclosures are pro- 
vided, each enclosure shall permit easy entry and movement, 
shall be of reasonable height, and shall have at least a 30 inch 
(762 mm) clearance between the entire service access panel(s) 
of the appliance and the wall of the enclosure. [NFPA 
54:9.4.1.1] 


303.8.1 Load Capacity. Roofs on which appliances 
are to be installed shall be capable of supporting the addi- 
tional load or shall be reinforced to support the additional 
load. [NFPA 54:9.4.1.2] 


303.8.2 Fasteners. All access locks, screws, and bolts 
shall be of corrosion-resistant material. [NFPA 54:9.4.1.3] 


303.8.3 Installation of Appliances on Roofs. 
Appliances shall be installed in accordance with the man- 
ufacturer’s installation instructions. [NFPA 54:9.4.2.1] 


303.8.4 Edge of Roof Clearance. Appliances shall 
be installed on a well-drained surface of the roof. At least 
6 feet (1829 mm) of clearance shall be available between 
any part of the appliance and the edge of a roof or simi- 
lar hazard, or rigidly fixed rails, guards, parapets, or other 
building structures at least 42 inches (1067 mm) in height 
shall be provided on the exposed side. [NFPA 54:9.4.2.2] 


303.8.4.1 Guards and Rails. Guards or rails 

shall be required where the following exist: 

(1) The clearance between the appliance and a roof 
edge or open end of an equipment platform is 
less than 6 feet (1829 mm). 

(2) The open end of the equipment platform is 
located more than 30 inches (762 mm) above 
the roof, floor, or grade below. 
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Where guards or rails are installed, they shall 
be constructed so as to prevent the passage of a 21 
inch (533 mm) diameter ball, resist the imposed 
loading conditions, and shall extend not less than 30 
inches (762 mm) beyond each side of the equipment 
or appliance. 


Exception: Guards shall not be required where a 
permanent fall arrest anchorage connector system in 
accordance with ASSE Z359.1 is installed. 


303.8.5 Electrical Power. All appliances requiring an 
external source of electrical power for its operation shall 
be provided with the following: 


(1) A readily accessible electrical disconnecting means 
within sight of the appliance that completely de- 
energizes the appliance. 


(2) A 120-V ac grounding-type receptacle outlet on the 
roof adjacent to the appliance on the supply side of 
the disconnect switch. [NFPA 54:9.4.2.3] 


303.8.6 Platform or Walkway. Where water stands on 
the roof at the appliance or in the passageways to the 
appliance, or where the roof is of a design having a water 
seal, a suitable platform, walkway, or both shall be pro- 
vided above the water line. Such platform(s) or walk- 
way(s) shall be located adjacent to the appliance and 
control panels so that the appliance can be safely serviced 
where water stands on the roof. [NFPA 54:9.4.2.4] 


303.9 Avoiding Strain on Gas Piping. Appliances shall 
be supported and connected to the piping so as not to exert 
undue strain on the connections. [NFPA 54:9.1.17] 


303.10 Clearances. Appliances and their vent connectors 
shall be installed with clearances from combustible material 
so their operation does not create a hazard to persons or prop- 
erty. Minimum clearances between combustible walls and the 
back and sides of various conventional types of appliances 
and their vent connectors are specified in Chapter 8 and Chap- 
ter 9. [NFPA 54:9.2.2] Where not provided in this code, listed 
and unlisted equipment or appliances shall be installed to 
maintain the required clearances for servicing and to com- 
bustible construction in accordance with the listing and the 
manufacturer’s installation instructions. 


303.10.1 Clearance Reduction. Reduced clearances 
to combustible construction for listed equipment and 
appliances shall comply with the listing and Table 
303.10.1. Where permitted by the manufacturer, and not 
provided in this code, reduced clearances to combustible 
construction for unlisted equipment and appliances shall 
comply with Table 303.10.1. 


303.10.1.1 Type | Hood Exhaust System. 
Reduced clearances for Type I exhaust systems shall 
be in accordance with Section 507.4.2 through Sec- 
tion 507.4.2.3. Clearances from the duct or the 
exhaust fan to the interior surface of enclosures of 
combustible construction shall be in accordance with 
Section 510.7.3 and clearances shall not be reduced. 


303.10.1.2 Product Conveying Ducts. Reduced 
clearances to combustibles construction for product 
conveying ducts shall be in accordance with Section 
506.10.3 through Section 506.11.6.3. 
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303.10.1.3 Solid-Fuel Burning Appliances. 
j For solid-fuel burning appliances, the clearance shall 
not be less than 12 inches (305 mm) to combustible 
walls and not less than 18 inches (457 mm) to com- 
bustible ceilings. The clearance, after reduction, 
shall be permitted to be less than 12 inches (305 
mm) to combustible walls and less than 18 inches 
(457 mm) to combustible ceilings. Solid-fuel burn- 
ing appliances listed for lesser clearances shall be 
permitted to be installed in accordance with the 
manufacturer’s instructions and their listing. 


303.11 Installation in Commercial Garages. Appli- 
ances installed in enclosed, basement, and underground park- 
ing structures shall be installed in accordance with NFPA 
88A. [NFPA 54:9.1.11.1] 


303.11.1 Repair Garages. Appliances installed in 
repair garages shall be installed in accordance with 
NFPA 30A. [NFPA 54:9.1.11.2] 


303.12 Installation in Aircraft Hangars. Heaters in air- 
craft hangars shall be installed in accordance with NFPA 409. 
[NFPA 54:9.1.12] 


304.0 Accessibility for Service. 


| 304.1 General. All appliances shall be located with respect 
to building construction and other equipment so as to permit 
access to the appliance. Sufficient clearance shall be main- 
tained to permit cleaning of heating surfaces; the replacement 
of filters, blowers, motors, burners, controls, and vent con- 
nections; the lubrication of moving parts where necessary; 
the adjustment and cleaning of burners and pilots; and the 

| proper functioning of explosion vents, if provided. For attic 
installation, the passageway and servicing area adjacent to the 
appliance shall be floored. [NFPA 54:9.2.1] 


Unless otherwise specified, not less than 30 inches (762 
mm) in depth, width, and height of working space shall be 
provided. 


Exception: A platform shall not be required for unit heaters 
or room heaters. 


304.2 Sloped Roof. Where equipment or appliances that 
require service are installed on a roof having a slope of 4 units 
vertical in 12 units horizontal (33 percent slope) or more, a 
level platform of not less than 30 inches by 30 inches (762 
mm by 762 mm) shall be provided at the service side of the 
equipment or appliance. 


304.3 Access to Appliances on Roofs. Appliances 
located on roofs or other elevated locations shall be accessi- 
ble. [NFPA 54:9.4.3.1] 


\ 304.3.1 Access. Buildings of more than 15 feet (4572 
mm) in height shall have an inside means of access to the 
roof unless other means acceptable to the Authority Hav- 
ing Jurisdiction are used. [NFPA 54:9.4.3.2] 

304.3.1.1 Access Type. The inside means of 
access shall be a permanent or foldaway inside stair- 
way or ladder, terminating in an enclosure, scuttle, 
or trapdoor. Such scuttles or trapdoors shall be at 
least 22 inches by 24 inches (559 mm by 610 mm) 
in size, shall open easily and safely under all condi- 
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tions, especially snow, and shall be constructed so 
as to permit access from the roof side unless delib- 
erately locked on the inside. 


At least 6 feet (1829 mm) of clearance shall be 
available between the access opening and the edge 
of the roof or similar hazard, or rigidly fixed rails or 
guards a minimum of 42 inches (1067 mm) in height ] 
shall be provided on the exposed side. Where para- 
pets or other building structures are utilized in lieu of 


guards or rails, they shall be a minimum of 42 inches | — 


(1067 mm) in height. [NFPA 54:9.4.3.3] 


304.3.1.2 Permanent Ladders. Permanent lad- 
ders required by Section 304.3.1.1 shall be con- 
structed in accordance with the following: 


(1) Side railings shall extend not less than 30 inches 
(762 mm) above the roof or parapet wall. 


(2) Landings shall not exceed 18 feet (5486 mm) 
apart measured from the finished grade. 


(3) Width shall be not less than 14 inches (356 mm) 
on center. 


(4) Rungs spacing shall not exceed 12 inches (305 
mm) on center, and each rung shall be capable 
of supporting a 300 pound (136.1 kg) load. 


(5) Toe space shall be not less than 6 inches (152 
mm). 
304.3.2 Permanent Lighting. Permanent lighting 
shall be provided at the roof access. The switch for such 
lighting shall be located inside the building near the 
access means leading to the roof. [NFPA 54:9.4.3.4] 


304.4 Appliances in Attics and Under-Floor Spaces. 
An attic or under-floor space in which an appliance is 
installed shall be accessible through an opening and passage- 
way not less than the largest component of the appliance, and 
not less than 22 inches by 30 inches (559 mm by 762 mm). 


304.4.1 Length of Passageway. Where the height of 
the passageway is less than 6 feet (1829 mm), the dis- 
tance from the passageway access to the appliance shall 
not exceed 20 feet (6096 mm) measured along the cen- 
terline of the passageway. [NFPA 54:9.5.1.1] 


304.4.2 Width of Passageway. The passageway shall 
be unobstructed and shall have solid flooring not less 
than 24 inches (610 mm) wide from the entrance open- 
ing to the appliance. [NFPA 54:9.5.1.2] 


304.4.3 Work Platform. A level working platform not 
less than 30 inches by 30 inches (762 mm by 762 mm) 
shall be provided in front of the service side of the appli- 
ance. [NFPA 54:9.5.2] 


Exception: A working platform need not be provided 
where the furnace is capable of being serviced from the 
required access opening. The furnace service side shall 
not exceed 12 inches (305 mm) from the access opening. 


304.4.4 Lighting and Convenience Outlet. A per- 
manent 120 V receptacle outlet and a luminaire shall be | 
installed near the appliance. The switch controlling the 
luminaire shall be located at the entrance to the passage- | 
way. {NFPA 54:9.5.3} 
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305.0 Location. 


305.1 Installation in Residential Garages. Appliances 
in residential garages and in adjacent spaces that open to the 
garage and are not part of the living space of a dwelling unit 
shall be installed so that all burners and burner-ignition 
devices are located not less than 18 inches (457 mm) above 
the floor unless listed as flammable vapor ignition resistant. 
[NFPA 54:9.1.10.1] 


305.1.1 Physical Damage. Appliances installed in 
garages, warehouses, or other areas subject to mechani- 
cal damage shall be guarded against such damage by 
being installed behind protective barriers or by being ele- 
vated or located out of the normal path of vehicles. 


305.1.2 Access from the Outside. Where appliances 
are installed in a separate, enclosed space having access 
only from outside of the garage, such appliances shall be 
permitted to be installed at floor level, providing the 
required combustion air is taken from the exterior of the 
garage. [NFPA 54:9.1.10.3] 


305.1.3 Cellulose Nitrate Plastic Storage. Heating 
equipment located in rooms where cellulose nitrate plas- 
tic is stored or processed shall be in accordance with the 
fire code. 


305.2 Pit Location. Where excavation is necessary to 


é | | install an appliance, the depth shall extend not less than 6 


» 


inches (152 mm) below and 12 inches (305 mm) on all sides 
of the appliance, except on the service side, which shall have 
30 inches (762 mm). Where the depth of the excavation for 
either the appliance or passageway exceeds 12 inches (305 
mm), walls shall be lined with concrete or masonry 4 inches 
(102 mm) above the adjoining ground level. 


Exception: [HCD 1 & HCD 2] Liquefied petroleum gas 
(LP-Gas) appliances as described in Section 303.7.1. 


305.3 Flood Hazard Areas. For buildings located in flood 
hazard areas, heating, ventilating, air-conditioning, refriger- 
ation, miscellaneous heat-producing, and energy-utilizing 
equipment and appliances shall be elevated at or above the 
elevation in accordance with the building code for utilities 
and attendant equipment or the elevation of the lowest floor, 
whichever is higher. 


Exception: Equipment and appliances shall be permitted to 
be located below the elevation in accordance with the build- 
ing code for utilities and attendant equipment or the eleva- 
tion of the lowest floor, whichever is higher, provided that 
the systems are designed and installed to prevent water from 
entering or accumulating within their components and the 
systems are constructed to resist hydrostatic and hydrody- 
namic loads and stresses, including the effects of buoyancy, 
during the occurrence of flooding to such elevation. 


305.3.1 Coastal High Hazard Areas. Mechanical 
systems in buildings located in coastal high hazard areas 
shall be in accordance with the requirements of Section 
305.3, and mechanical systems, pipes, and appurtenances 
shall not be mounted on or penetrate through walls that 
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are intended to breakaway under flood loads in accor- 
dance with the building code. 


305.3.2 Air Exhaust and Intake Openings. Outside 
air exhaust openings and air intake openings shall be 
located at or above the elevation required by the building 
code for utilities and attendant equipment or the elevation 
of the lowest floor, whichever is higher. 


305.4 Elevator Shaft. Unless required for the functionality 
and safety of the elevator system, mechanical systems shall 
not be located in an elevator shaft. 


305.5 Drainage Pan. Where a water heater is located in an 
attic, in or on an attic ceiling assembly, floor-ceiling assem- 
bly, or floor-subfloor assembly where damage results from a 
leaking water heater, a watertight pan of corrosion-resistant 
materials shall be installed beneath the water heater with not 
less than *4 of an inch (20 mm) diameter drain to an approved 
location. Such pan shall be not less than 114 inches (38 mm) 
in depth. 


306.0 Automatic Control Devices. 


306.1 General. Heating appliances shall be equipped with 
a listed device or devices that will shut off the fuel supply to 
the main burner or burners in the event of pilot or ignition 
failure. Liquefied petroleum gas-air-burning heating appli- 
ances shall be equipped with a listed automatic device or 
devices that will shut off the flow of gas to the pilot in the 
event of ignition failure. 


Exception: The listed shutoff devices shall not be required on 
range or cooking tops, log lighters, lights, or other open- 
burner manually operated appliances, or listed appliances not 
requiring such devices and specific industrial appliances as 
approved by the Authority Having Jurisdiction. 


Heating appliances whose manual fuel controls are not 
readily accessible from the main portion of the building being 
heated shall be equipped with remote controls. 


Forced-air and gravity-type warm air furnaces shall be 
equipped with a listed air outlet temperature limit control that 
cannot be set for temperatures exceeding 250°F (121°C). 
Such controls shall be located in the bonnet or plenum, within 
2 feet (610 mm) of the discharge side of the heating element 
of gravity furnaces or in accordance with the conditions of 
listing. 

Electric duct heaters shall be equipped with an approved 

automatic reset air outlet temperature limit control that will 
limit the outlet air temperature to not exceed 200°F (93°C). 
The electric elements of the heater shall be equipped with 
fusible links or a manual reset temperature limit control that 
will prevent outlet air temperature in excess of 250°F 
CHAT Xe): 
306.2 Building Automation Systems. [OSHPD 1] 
Building automation systems shall provide for localized con- 
trol in the event of network failure. This capability shall be 
specified in the construction documentation. 
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307.0 Labeling. 


307.1 Fuel-Burning Appliances. Fuel-burning heating 
appliances shall bear a permanent and legible factory-applied 
nameplate on which shall appear: 


(1) The name or trademark of the manufacturer. 


(2) The approved fuel input rating of the appliance, 
expressed in Btu/h (kW). 


(3) The model number or equivalent. 
(4) The serial number. 


(5) Instructions for the lighting, operation, and shutdown of 
the appliance. 


(6) The type of fuel approved for use with the appliance. 


(7) The symbol of an approved agency certifying compli- 
ance of the equipment with recognized standards. 


(8) Required clearances from combustible surfaces on which 
or adjacent to which it is permitted to be mounted. 


307.2 Electric Heating Appliances. Electric heating 
appliances shall bear a permanent and legible factory-applied 
nameplate on which shall appear: 


(1) The name or trademark of the manufacturer. 
(2) The model number or equivalent. 
(3) The serial number. 


(4) The electrical rating in volts, amperes (or watts), and, for 
other than single phase, the number of phases. 


(5) The output rating in Btu/h (kW). 


(6) The electrical rating in volts, amperes, or watts of each 
field-replaceable electrical component. 


(7) The symbol of an approved agency certifying compli- 
ance of equipment with recognized standards. 


(8) Required clearances from combustible surfaces on which 
or adjacent to which it is permitted to be mounted. 


An appliance shall be accompanied by clear and com- 

plete installation instructions, including required clearances 
from combustibles other than mounting or adjacent surfaces, 
and temperature rating of field-installed wiring connections 
exceeding 140°F (60°C). 
307.3 Heat Pump and Electric Cooling Appliances. 
Heat pumps and electric cooling appliances shall bear a per- 
manent and legible factory-applied nameplate on which shall 
appear: 


(1) The name or trademark of the manufacturer. 
(2) The model number or equivalent. 

(3) The serial number. 

(4) The amount and type of refrigerant. 

(5) The factory test pressures or pressures applied. 


(6) The electrical rating in volts, amperes, and, for other than 
single phase, the number of phases. 


(7) The output rating in Btu/h (kW). 


(8) The electrical rating in volts, amperes, or watts of each 
field replaceable electrical component. 
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(9) The symbol of an approved agency certifying compli- 
ance of the equipment with recognized standards. 


(10) Required clearances from combustible surfaces on which 
or adjacent to which it is permitted to be mounted. 


An appliance shall be accompanied by clear and com- 
plete installation instructions, including required clearances 
from combustible other than mounting or adjacent surfaces, 
and temperature rating of field-installed wiring connections 
exceeding 140°F (60°C). 

307.4 Absorption Units. Absorption units shall bear a per- 

manent and legible factory-applied nameplate on which shall 

appear: 

(1) The name or trademark of the manufacturer. 

(2) The model number or equivalent. 

(3) The serial number. 

(4) The amount and type of refrigerant. 

(5) Hourly rating in Btu/h (kW). 

(6) The type of fuel approved for use with the unit. 

(7) Cooling capacity Btu/h (kW). 

(8) Required clearances from combustible surfaces on which 
or adjacent to which it is permitted to be mounted. 


(9) The symbol of an approved agency certifying compli- 
ance of the equipment with recognized standards. 


308.0 Improper Location. 


308.1 General. Piping or equipment shall not be so located as 
to interfere with the normal use thereof or with the normal oper- 
ation and use of windows, doors, or other required facilities. 


309.0 Workmanship. 


309.1 Engineering Practices. Design, construction, and 
workmanship shall comply with accepted engineering prac- 
tices and shall be of such character as to secure the results 
sought to be obtained by this code. 


309.2 Concealing Imperfections. It shall be unlawful to 
conceal cracks, holes, or other imperfections in materials by 
welding, brazing, or soldering, by using therein or thereon 
paint, wax, tar, solvent cement, other leak-sealing or repair 
agent. 


309.3 Installation Practices. Mechanical systems shall 
be installed in a manner that is in accordance with this code, 
applicable standards, and the manufacturer’s installation 
instructions. 


310.0 Condensate Wastes and Control. 


310.1 Condensate Disposal. Condensate from air wash- 
ers, air-cooling coils, condensing appliances, and the over- 
flow from evaporative coolers and similar water-supplied 
equipment or similar air-conditioning equipment shall be col- 
lected and discharged to an approved plumbing fixture or dis- 
posal area. Where discharged into the drainage system, 
equipment shall drain by means of an indirect waste pipe. The 


2022 CALIFORNIA MECHANICAL CODE 


waste pipe shall have a slope of not less than 4 inch per foot 
(10.4 mm/m) or | percent slope and shall be of approved cor- 
rosion-resistant material not smaller than the outlet size in 
accordance with Section 310.3 or Section 310.4 for air-cool- 
ing coils or condensing appliances, respectively. Condensate 
or wastewater shall not drain over a public way. 


310.1.1 Condensate Pumps. Where approved by the 
Authority Having Jurisdiction, condensate pumps shall 
be installed in accordance with the manufacturer’s instal- 
lation instructions. Pump discharge shall rise vertically to 
a point where it is possible to connect to a gravity con- 
densate drain and discharged to an approved disposal 
point. Each condensing unit shall be provided with a sep- 
arate sump and interlocked with the equipment to pre- 
vent the equipment from operating during a failure. 
Separate pumps shall be permitted to connect to a single 
gravity indirect waste where equipped with check valves 
and approved by the Authority Having Jurisdiction. 


| 310.2 Condensate Control. Where any equipment or 
appliance is installed in a space where damage is capable of 
| resulting from condensate overflow, a drain line shall be pro- 
vided and shall be drained in accordance with Section 310.1. 
An additional protection method for condensate overflow 
shall be provided in accordance with one of the following: 


(1) A water level detecting device that will shut off the equip- 
ment or appliance in the event the primary drain is blocked. 


(2) An additional watertight pan of corrosion-resistant mate- 
rial, with a separate drain line, installed beneath the cool- 
ing coil, unit, or the appliance to catch the overflow 
condensate due to a clogged primary condensate drain. 


(3) An additional drain line at a level that is higher than the 
primary drain line connection of the drain pan. 


(4) An additional watertight pan of corrosion-resistant mate- 
rial with a water level detection device installed beneath 
the cooling coil, unit, or the appliance to catch the over- 
flow condensate due to a clogged primary condensate 
drain and to shut off the equipment. 


The additional pan or the additional drain line con- 
nection shall be provided with a drain pipe of not less 
than *4 of an inch (20 mm) nominal pipe size, discharg- 
ing at a point that is readily observed. 


310.2.1 Protection of Appurtenances. Where insu- 
lation or appurtenances are installed where damage is 
capable of resulting from a condensate drain pan overfill, 
such installations shall occur above the rim of the drain 
pan with supports. Where the supports are in contact with 
the condensate waste, the supports shall be of approved 
corrosion-resistant material. 


310.3 Condensate Waste Pipe Material and Sizing. 
Condensate waste pipes from air-cooling coils shall be sized 
in accordance with the equipment capacity as specified in 
Table 310.3. The material of the piping shall comply with the 
pressure and temperature rating of the appliance or equip- 
ment, and shall be approved for use with the liquid being dis- 
charged. 
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TABLE 310.3 
MINIMUM CONDENSATE PIPE SIZE 


MINIMUM CONDENSATE 
Rok OERERRIGELATION PIPE DIAMETER 
Up to 20 ¥, 
21-40 ane a ie 
41 —90 | 1% 
91 — 125 oh gh a 
126 — 250 We ight mth 


For SI units: 1 ton of refrigeration = 3.52 kW, | inch = 25 mm 


The size of condensate waste pipes is for one unit or a 
combination of units, or as recommended by the manufac- 
turer. The capacity of waste pipes assumes a '% inch per foot 
(10.4 mm/m) or 1 percent slope, with the pipe running three- 
quarters full at the following pipe conditions: 


Outside Air 20% | Room Air—80% 
DB WB | DB WB 
90°F 73°F | 75°F | 62.5°F 


For SI units: °C = (°F-32)/1.8 


Condensate drain sizing for other slopes or other condi- 
tions shall be approved by the Authority Having Jurisdiction. 


310.3.1 Cleanouts. Condensate drain lines shall be 
configured or provided with a cleanout to permit the 
clearing of blockages and for maintenance without 
requiring the drain line to be cut. 


310.4 Appliance Condensate Drains. Condensate drain 
lines from individual condensing appliances shall be sized as 
required by the manufacturer’s instructions. Condensate drain 
lines serving more than one appliance shall be approved by the 
Authority Having Jurisdiction prior to installation. 


310.5 Point of Discharge. Air-conditioning condensate 
waste pipes shall connect indirectly, except where permitted 
in Section 310.6, to the drainage system through an air gap or 
air break to trapped and vented receptors, dry wells, leach 
pits, or the tailpiece of plumbing fixtures. A condensate drain 
shall be trapped in accordance with the appliance manufac- 
turer’s instructions or as approved. 


310.6 Condensate Waste From Air-Conditioning 
Coils. Where the condensate waste from air-conditioning 
coils discharges by direct connection to a lavatory tailpiece or 
to an approved accessible inlet on a bathtub overflow, the 
connection shall be located in the area controlled by the same 
person controlling the air-conditioned space. 


310.7 Plastic Fittings. Female plastic screwed fittings shall 
be used with plastic male fittings and plastic male threads. 


311.0 Heating or Cooling Air System. 


311.1 Source. A heating or cooling air system shall be pro- 
vided with return air, outside air, or both. A heating or cool- 
ing air system regulated by this code and designed to replace 
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required ventilation shall be arranged to discharge into a con- 
ditioned space not less than the amount of outside air speci- 
fied in Chapter 4. 


311.2 Air Filters. Air filters shall be installed in a heating, 
cooling, or makeup air system. Media-type air filters shall 
comply with UL 900. Electrostatic and high efficiency par- 
ticulate filters shall comply with Section 936.0. 


Exceptions: 


(1) Systems serving single guest rooms or dwelling units 
shall not require a listed filter. 


(2) Air filters used in listed appliances and in accordance 
with the manufacturer’s instructions. 


311.3 Prohibited Source. Outside or return air for a heat- 
ing or cooling air system shall not be taken from the follow- 
ing locations: 


(1) Less than 10 feet (3048 mm) in distance from an appli- 
ance vent outlet, a vent opening of a plumbing drainage 
system, or the discharge outlet of an exhaust fan, unless 
the outlet is 3 feet (914 mm) above the outside-air inlet. 


(2) Less than 10 feet (3048 mm) above the surface of an 
abutting public way, sidewalk, street, alley, or driveway. 


(3) A hazardous or insanitary location, or a refrigeration 
machinery room as defined in this code. 


(4) An area, the volume of which is less than 25 percent of 
the entire volume served by such system, unless there is 
a permanent opening to an area the volume of which is 
equal to 25 percent of the entire volume served. 


Exception: Such openings where used for a heating or 
cooling air system in a dwelling unit shall be permitted 
to be reduced to not less than 50 percent of the required 
area, provided the balance of the required return air is 
taken from a room or hall having not less than three doors 
leading to other rooms served by the furnace. 


(5) Acloset, bathroom, toilet room, or kitchen. 


(6) Rooms or spaces containing a fuel-burning appliance 
therein. Where such room or space serves as source of 
return-air. 


Exceptions: 


(1) This shall not apply to fireplaces, fireplace appli- 
ances, residential cooking appliances, direct vent 
appliances, enclosed furnaces, and domestic-type 
clothes dryers installed within the room or space. 

(2) This shall not apply to a gravity-type or listed vented 
wall heating or cooling air system. 

(3) This shall not apply to a blower-type heating or 
cooling air system installed in accordance with the 
following requirements: 

(a) Where the return air is taken from a room or 
space having a volume exceeding 1 cubic foot 
(0.03 m+) for each 10 Btu/h (0.003 kW) fuel 
input rating of fuel-burning appliances therein. 

(b) Not less than 75 percent of the supply air is dis- 
charged back into the same room or space. 
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(c) Return-air inlets shall not be located within 10 
feet (3048 mm) from an appliance firebox or 
draft diverter in the same enclosed room or con- 
fined space. 


311.4 Return-Air Limitations. Return air from one 
dwelling unit shall not discharge into another dwelling unit 
through the heating or cooling air system. 


311.5 California Energy Code Requirements for Res- 
idential Air Filtration. In mechanically ventilated residen- 
tial buildings, air filters shall be provided to clean outdoor air 
and return air prior to its delivery to occupied spaces where 
specified in California Energy Code Sections 150.0(m)12 and 
160.2(b). The air filters shall comply with California Energy 
Code requirements for labeling, ventilation system design and 
installation, air filter efficacy, and air filter pressure drop. 


312.0 Plumbing Connections. 


312.1 General. Water supply, sanitary drainage, and back- 
flow protection shall be in accordance with the California 
Plumbing Code. 


313.0 Hangers and Supports. 


313.1 General. Piping, tubing, appliances, and appurte- 
nances shall be supported in accordance with this code, the 
manufacturer’s installation instructions, and in accordance 
with the Authority Having Jurisdiction. 

313.2 Material. Hangers and anchors shall be of sufficient 
strength to support the weight of the pipe or tubing and its 
contents. Piping or tubing shall be isolated from incompatible 
materials. 

313.3 Suspended Piping. Suspended piping or tubing 
shall be supported at intervals not to exceed those shown in 
Table 313.3. 

313.4 Alignment. Piping or tubing shall be supported in 
such a manner as to maintain its alignment and prevent sag- 
ging. 

313.5 Underground Installation. Piping or tubing in the 
ground shall be laid on a firm bed for its entire length; where 
other support is otherwise provided, it shall be approved in 
accordance with Section 302.0. 

313.6 Hanger Rod Sizes. Hanger rod sizes shall be not 
smaller than those shown in Table 313.6. 


TABLE 313.6 
MEL | ; HANGER ROD SIZES 
PIPE AND TUBE SIZE ROD SIZES 
w (inches) pies ] Wy (inches) te 
‘DE Da ae al 
10-12 Vp 


For SI units: 1 inch = 25.4 mm 


313.7 Gas Piping. Gas piping shall be supported by metal 
straps or hooks at intervals not to exceed those shown in 
Table 1310.3.5.1. 
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314.0 Balancing. 


314.1 General. Heating, ventilating, and air-conditioning 
systems (including hydronic systems) shall be balanced in 
accordance with one of the following methods: 


(1) AABC National Standards for Total System Balance 
(2) ACCA Manual B 
(3) ASHRAE 111 


(4) NEBB Procedural Standards for Testing Adjusting Bal- 
ancing of Environmental Systems 


(5) SMACNA HVAC Systems Testing, Adjusting, and Bal- 
ancing 


315.0 Louvers in Hurricane Prone Regions. 


315.1 General. Louvers located in areas within hurricane- 
prone regions that are within | mile (2 km) of the coastal mean 
high water line where the basic wind speed is 110 miles per 
hour (mi/h) (49.2 m/s) or more; or portions of hurricane-prone 
regions where the basic wind speed is 120 mi/h (53.6 m/s) or 
more; or Hawaii, as described in ASCE 7 shall be tested in 
accordance with Section 315.1.1 and Section 315.1.2. 


315.1.1 Testing. Louvers that protect air intake or 
exhaust openings shall be tested in accordance with 
AMCA 550 for resistance to wind-driven rain. 


315.1.2 Impact Resistance Test. Upon request by the 
Authority Having Jurisdiction, louvers protecting intake 
and exhaust ventilation ducts that are not fixed in the 
open position and located within 30 feet (9144 mm) of 
the grade shall be tested for impact resistance in accor- 
dance with AMCA 540. 


316.0 Protection of Piping, Tubing, Materials, and 
Structures. 


316.1 General. Piping or tubing passing under or through 
walls shall be protected from breakage. Piping passing 
through or under cinders or other corrosive materials shall be 
protected from external corrosion in an approved manner. 
Approved provisions shall be made for expansion of hot 
water piping. Voids around piping or tubing passing through 
concrete floors on the ground shall be sealed. 

316.2 Installation. Piping or tubing shall be installed so that 
the piping, tubing, or connections will not be subject to undue 
strains or stresses, and provisions shall be made for expan- 
sion, contraction, and structural settlement. No piping or tub- 
ing, unless designed and listed for such use, shall be directly 
embedded in concrete or masonry. No structural member 
shall be seriously weakened or impaired by cutting, notching, 
or otherwise as defined in the California Building Code or 
California Residential Code. 

316.3 Corrosion, Erosion, and Mechanical Damage. 
Piping or tubing subject to corrosion, erosion, or mechanical 
damage shall be protected in an approved manner. 

316.4 Protectively Coated Pipe. Protectively coated pipe 
or tubing shall be inspected and tested, and a visible void, 
damage, or imperfection to the pipe coating shall be repaired 
in an approved manner. 
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316.5 Fire-Resistant Construction. Piping, tubing, and 
duct system penetrations of fire-resistance-rated walls, parti- 
tions, floors, floor/ceiling assemblies, roof/ceiling assemblies, 
or shaft enclosures shall be protected in accordance with the 
requirements of the California Building Code or California 
Residential Code. 


316.6 Steel Nail Plates. Plastic piping or tubing, copper 
or copper alloy piping or tubing, and ducts penetrating fram- 
ing members to within | inch (25.4 mm) of the exposed fram- 
ing shall be protected by steel nail plates not less than No. 18 
gauge (0.0478 inches) (1.2141 mm) in thickness. The steel 
nail plate shall extend along the framing member not less than 
1'4 inches (38 mm) beyond the outside diameter of the pipe 
or tubing. 


Exception: See Section 1310.4.3. 


316.7 Sleeves. Sleeves shall be provided to protect piping 
through concrete and masonry walls and concrete floors. 


Exception: Sleeves shall not be required where openings are 
drilled or bored. 


316.71 Building Loads. Piping or tubing through con- 
crete or masonry walls shall not be subject to a load from 
building construction. 


316.7.2 Exterior Walls. In exterior walls, annular space 
between sleeves and pipes or tubing shall be sealed and 
made watertight, as approved by the Authority Having 
Jurisdiction. A penetration through fire-resistive con- 
struction shall be in accordance with Section 316.5. 


316.8 Firewalls. A pipe sleeve through a firewall shall have 
the space around the pipe or tubing completely sealed with 
an approved fire-resistive material in accordance with other 
codes. 


316.9 Structural Members. A structural member weak- 
ened or impaired by cutting, notching, or otherwise shall be 
reinforced, repaired, or replaced so as to be left in a safe struc- 
tural condition in accordance with the requirements of the 
California Building Code or California Residential Code. 


316.10 Rodentproofing. Mechanical system shall be con- 
structed in such a manner as to restrict rodents or vermin from 
entering a building by following the ductwork from the out- 
side into the building. 

316.11 Metal Collars. In or on buildings where openings 
have been made in walls, floors, or ceilings for the passage of 
ductwork or pipes, such openings shall be closed and pro- 
tected by the installation of approved metal collars securely 
fastened to the adjoining structure. 


317.0 Trenching, Excavation, and Backfill. 

317.1 Trenches. Trenches deeper than the footings of a 
building or structure, and paralleling the same, shall be 
located not less than 45 degrees (0.79 rad) from the bottom 
exterior edge of the footing, or as approved in accordance 
with Section 302.0. 

317.2 Tunneling and Driving. Tunneling and driving shall 
be permitted to be done in yards, courts, or driveways of a 
building site. Where sufficient depth is available to permit, 
tunnels shall be permitted to be used between open-cut 
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trenches. Tunnels shall have a clear height of 2 feet (610 mm) 
above the pipe and shall be limited in length to one-half the 
depth of the trench, with a maximum length of 8 feet (2438 
mm). Where pipes are driven, the drive pipe shall be not less 
than one size larger than the pipe to be laid. 

317.3 Open Trenches. Excavations required to be made for 
the installation of a mechanical system or part thereof, within 
the walls of a building, shall be open trench work and shall be 
kept open until it has been inspected, tested, and accepted. 
317.4 Excavations. Excavations shall be completely back- 
filled as soon after inspection as practicable. Precaution shall 
be taken to ensure compactness of backfill around piping 
without damage to such piping. Trenches shall be backfilled 
in thin layers to 12 inches (305 mm) above the top of the pip- 
ing with clean earth, which shall not contain stones, boulders, 
cinderfill, frozen earth, construction debris, or other materi- 
als that will damage or break the piping or cause corrosive 
action. Mechanical devices such as bulldozers, graders, etc., 
shall be permitted to then be used to complete backfill to 
grade. Fill shall be properly compacted. Precautions shall be 
taken to ensure permanent stability for pipe laid in filled or 
made ground. 


318.0 Scope. 


318.1 Applicability. This part is applicable to health facil- 
ities regulated by OSHPD (See Adoption Tables for applica- 
tion for specific sections). 


Note: This section has no corresponding provisions in the 
UMC. For the scope and authority of each state agency, refer 
to Chapter 1. 


318.2 Services/Systems and Utilities. Refer to Section 
1224.4.1, 1225.2.1 and 1228.4.1.1 of the California Building 
Code. 


319.0 Steam and Hot-Water Systems. 


319.1 Requirements for Hospitals and Optional Serv- 
ices Provided in Correctional Treatment Centers. 
[OSHPD 1, 1R,4 & 5] 


319.1.1 Boilers shall have the capacity, based upon the 
rest ratings published by the Hydronics Institute or 
another acceptable national standard to supply the nor- 
mal operating requirements of all connected systems and 
equipment. ) 


319.1.2 A minimum of two boilers shall be provided. The 
arrangement of boilers shall be based on the capacity 
and capability of a boiler or boilers to operate all sys- 
tems during-periods of breakdown or maintenance of any 
one boiler. 


319.1.3 Boiler systems providing space heating shall be 
designed to maintain a minimum temperature of 60°F 
(15.6°C) in general patient areas and the temperatures 
specified in Table 4-A for sensitive areas during periods 
of breakdown or maintenance of any one boiler. 


319.1.4 Boiler feed pumps, condensate return pumps, 
fuel oil pumps, and heating circulating pumps shall be 
connected and installed to provide standby service in the 
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event of pump failure. Installation of duplex pumps or 
provision of a spare pump will meet this requirement. 


319.1.5 At least two sources of heat (e.g. two pieces of 
equipment) shall be provided for supplying essential serv- 
ices such as sterilizers, hot water for dishwashing, and 
domestic hot water for minimum patient service, such as 
handwashing and baths. Booster heaters for dishwashing 
providing 125°F to 180°F (52°C to 82°C) water may be 
counted as the second source of heat for that service. 


319.2 Requirements for Skilled Nursing, Intermedi- 
ate Care Facilities and Basic Services Provided in 
Correctional Treatment Centers. [OSHPD 2 & 4] 


319.2.1 Boilers, if provided, shall accommodate Section 
319.1. 


319.2.2 Two or more interconnected water heaters are 
an acceptable means to provide two sources of heat for 
hot water (See Section 319.1.5). 


320.0 Air Conditioning and Heating Systems. 


320.1 Requirements for Hospitals and Optional Serv- 
ices Provided in Correctional Treatment Centers. 
[OSHPD 1, 1R, 4 & 5] 


320.1.1 The systems shall be designed to provide the 
temperatures and relative humidity for sensitive areas or 
rooms shown in Table 4-A. When outdoor humidity and 
internal moisture sources are not sufficient to meet the 
requirements of sensitive areas or rooms in Table 4-A, 
humidification shall be provided by means of the health- 
care facility air-handling systems. Temperature shall be 
individually controlled for each operating and delivery 
room. Burn unit patient rooms that require humidifiers 
to comply with the requirements of sensitive areas or 
rooms in Table 4-A shall be provided with individual 
humidity control. All humidifiers shall use dry steam. 
Humidifiers shall be located within air handling systems 
or ductwork to avoid moisture accumulation in down- 
stream components, including filters and insulation. 


320.1.2 Heating systems shall be designed based on the 
“Heating DB 99.6%” column of the Climatic Design 
Data in ASHRAE Handbook-Fundamentals. The systems 
shall be thermostatically controlled with appropriate 
zoning to achieve the above conditions. 


320. 1.3 Cooling systems shall be designed based on the 
0.4% columns of the four Annual Design Conditions 
titled Cooling, Evaporation, Dehumidification, and 
Enthalpy shown by the Climate Design Data in ASHRAE 
Handbook-Fundamentals. The systems shall be thermo- 
statically controlled with appropriate zoning to achieve 
the above conditions. 


320.2 Requirements for Skilled Nursing, Intermedi- 

ate Care Facilities and Basic Services Provided in 

Correctional Treatment Centers. [OSHPD 2 & 4] 
320.2.1 Systems shall accommodate the provisions of 
Sections 320.1.2 through 320.1.3. 
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320.2.2 Where air conditioning is provided, the system 
shall be thermostatically controlled in one or more zones. 


320.3 Requirements for Outpatient Facilities and 
Licensed Clinics. [OSHPD 3] 


320.3.1 The system shall be designed to provide the tem- 
perature and humidities for sensitive areas for rooms 
shown in Table 4-A. 


320.4 Telephone and Technology Equipment Centers. 
[OSHPD 1 & 4] Where telecommunications service entrance 
rooms, technology equipment centers, or technology distri- 
bution rooms are provided in accordance with Section 1224.5 
of the California Building Code, the following requirements 
shall apply: 


320.4.1 Power for HVAC systems serving the room(s) 
shall be supplied by the Equipment Branch pursuant to 
the California Electrical Code. Where redundant systems 
are provided, only one shall be required to be supplied by 
the Equipment Branch. 


320.4.2 Mechanical equipment or fixtures that are not 
directly related to the support of the room shall not be 
installed in or pass through the room. 


Exception: Unrelated ductwork may be installed and 
shall be not less than 10 feet (3048 mm) above the finished 
floor. 

320.4.3 HVAC systems shall be provided to maintain 
environmental conditions recommended in ASHRAE 5 
Thermal Guidelines for Data Processing Environment 
and the requirements of the specific equipment installed. 


320.4.4 Technology equipment centers shall have redun- 
dant cooling systems each of sufficient capacity to pro- 
vide required cooling during periods of breakdown or 
maintenance of either system. One system shall be non- 
hydronic and on essential power. 


320.5 Psychiatric Services. [OSHPD 1, 1R, 2,4 & 5] For 
projects associated with provision of psychiatric services in 
acute psychiatric hospitals, general acute-care hospitals, and 
special treatment program service units in skilled nursing 
facilities, psychiatric, seclusion, and holding-patient rooms 
shall be designed with security diffusers, grilles, and registers. 


321.0 Essential Mechanical Provisions. [OSHPD 1, 1R, 
2, 3 (Surgical Clinics only) 4 & 5] During periods of 
power outages essential electrical power shall be provided 
for the following equipment: 

321.1 (Does not apply to OSHPD 3 surgical clinic.) All heat- 
ing equipment and fans necessary to maintain a minimum 
temperature of 60°F (15.6°) in patient areas which are not 
specified in Section 322.0. 

321.2 All heating equipment and fans necessary to maintain 
the minimum temperatures listed in Table 4-A for sensitive 
areas specified in Section 322.0. 


321.3 Equipment necessary for humidification of the areas 
listed in Section 322.0. 


321.4 All supply, return, and exhaust fans required to maintain 
the positive and negative air balances as required in Table 4-A. 
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321.5 All control components and control systems necessary 
Jor the normal operation of equipment required to have essen- 
tial electrical power. 


321.6 Alarms for airborne infection isolation rooms and pro- 
tective environment rooms. 


322.0 Sensitive Areas or Rooms. [OSHPD 1, 1R, 2, 3 
(Surgical Clinics) 4 & 5] The following are sensitive areas 
or rooms: 


(1) Operating room, hybrid operation room 
(2) Cystoscopy 

(3) Cardiac catheterization lab 

(4) Trauma/cardiac room 

(5) Delivery room, cesarean operating room 
(6) Gastrointestinal endoscopy procedure room 
(7) Post-anesthesia care unit 

(8) Newborn nursery 

(9) Newborn intensive-care nursery unit 
(10) Intensive care 

(11) Burn unit 


322.1 The following conditions shall be met for sensitive 
areas or rooms: 


(1) Thermostats and humidistats shall be either locally reset- 
table and of the non-locking type or remotely resettable 
and of the locking type. 


(2) Systems shall be capable of maintaining the rooms within 
the temperature range in Table 4-A during normal oper- 
ation. Lower or higher temperature shall be permitted 
when patients’ comfort and/or medical conditions require 
those conditions. 


(3) The humidity ranges listed in Table 4-A are the minimum 
and maximum limits where control is specifically needed. 


(4) Types of intensive care service spaces are listed in the 
California Building Code. 


323.0 Mechanical Equipment Schedules. [OSHPD 1, 
1R, 2, 4 & 5] Mechanical equipment schedules in the con- 
struction documents shall clearly indicate which equipment 
will be powered by essential power or appropriate special 
seismic certifications. 
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TYPE OF PROTECTION 


ALL SURFACES OF COM- 
BUSTIBLE MATERIAL 
WITHIN THE DISTANCE 
SPECIFIED AS THE 
REQUIRED CLEARANCE 
WITH NO PROTECTION 


(1) 3¥, inch thick masonry 
wall without ventilated | 
air space 


board over | inch glass | 
fiber or mineral wool 
batts | 


gauge) sheet metal over | 

inch glass fiber or min- | 
eral wool batts reinforced 
with wire on rear face 


'(4) 3% inch thick Se ghes 
wall with ventilated air 
space | 
gauge) sheet metal with| 
ventilated air space 


tion board with ventilated | 
air space | 
(7) 0.024 inch (nominal 24 
gauge) sheet metal with | 
ventilated air space over | 
0.024 inch (nominal 24 
gauge) sheet metal with 
ventilated air space 


APPLIED TO AND COVERING | 


(2) ) of an inch insulation | re 


with ventilated air space | 


ABOVE 


(COLUMN 1) 


24 


(3) 0.024 inch (nominal 24 ~ 


18 


(5) 0.024 inch (nominal 24) pas 


18 


(6) ¥ of an inch thick insula- aa 


~e6 (niches) 


TABLE 303.10.1 
REDUCTION OF CLEARANCES WITH SPECIFIED FORMS OF PROTECTION!" 2: * 4:5: 6: 2 8 9, 10, 11 
__ [NFPA 54: TABLE 10.2.3] 


18 (INCHES) 


Ja 


12 (INCHES) 


OR SINGLE-WALL METAL PIPE IS: 


| 


9 (INCHES) 


ALLOWABLE CLEARANCES WITH SPECIFIED PROTECTION (INCHES) 


CLEARANCES FROM APPLIANCES, VERTICAL CONNECTOR, AND SINGLE-WALL METAL PIPE. _ 


SIDES AND 
REAR 
(COLUMN 2) 


ABOVE 
(COLUMN 1) 


SIDES AND 
REAR 
(COLUMN 2) 


f= 


12 


ABOVE 
(COLUMN 1) 


SIDES AND 
REAR 
(COLUMN 2) 


ABOVE 
(COLUMN 1) 


SIDES AND 
REAR 


6 


(COLUMN 2), 


USE COLUMN 1 FOR CLEARANCES ABOVE APPLIANCE OR HORIZONTAL CONNECTOR.USECOLUMN2FOR 


_ 6(INCHES) 


ABOVE 
(COLUMN 1) 


~4—— _ 


SIDES AND 
REAR 
(COLUMN 2) 


mineral wool batts sand- 
wiched between two 
sheets 0.024 inch (nom- 
inal 24 gauge) sheet 
metal with ventilated an 
space 


(8) 1 inch glass fiber or! 


18 


For SI units: 1 inch = 25.4 ate °C = (°F-32)/1.8 


Notes: 
1 


4 
Z 


vening protection applied to the combustible material. 


Sp WwW 


and Figure 303.10.1(3)] 


no wn 


culation, the bottom and top edges, or only the side and top edges, or all edges shall be left open. 


~ 


(816°C). 


oo 


Fahrenheit [Btuein/(heft?*°F)] [0.1 W/(meK)] or less. 


\o 


be reduced below that allowed in Table 303.10.1. 
'0 All clearances and thicknesses are minimum; larger clearances and thicknesses are acceptable. 
'T isted single-wall connectors shall be installed in accordance with the manufacturer’s installation instructions. 
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Spacers and ties shall be of noncombustible material. No spacer or tie shall be used directly opposite the appliance or connector. 
Where all clearance reduction systems use a ventilated air space, adequate provision for air circulation shall be provided as described. [See Figure 303.10.1(2) 


Reduction of clearances from combustible materials shall not interfere with combustion air, draft hood clearance and relief, and accessibility of servicing. 
All clearances shall be measured from the outer surface of the combustible material to the nearest point on the surface of the appliance, disregarding any inter- 


At least 1 inch (25.4 mm) shall be between clearance reduction systems and combustible walls and ceilings for reduction systems using a ventilated air space. 
Where a wall protector is mounted on a single flat wall away from corners, it shall have a minimum | inch (25.4 mm) air gap. To provide adequate air cir- 


Mineral wool batts (blanket or board) shall have a minimum density of 8 pounds per cubic foot (Ib/ft*) (128 kg/m?) and a minimum melting point of 1500°F 
Insulation material used as part of a clearance reduction system shall have a thermal conductivity of 1 British thermal unit inch per hour square foot degree 


At least | inch (25.4 mm) shall be between the appliance and the protector. In no case shall the clearance between the appliance and the combustible surface 
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Construction using combustible 


material, plastered or unplastered ony 


t 7 wh, 
A Sheet metal or Cc ‘\ 
y other protection NX Va 
7 | 
Gas equipment 
or vent connector 


Notes: 

' A — Equals the clearance with no protection specified in Table 802.7.3.3 and Table 904.2.2 and in the sections applying to various types of equipment. 
2 B-— Equals the reduced clearance permitted in accordance with Table 303.10.1. 

3 The protection applied to the construction using combustible material shall extend far enough in each direction to make C equal to A. 


FIGURE 303.10.1(1)")23 
EXTENT OF PROTECTION NECESSARY TO REDUCE 
CLEARANCES FROM GAS APPLIANCE OR VENT CONNECTORS 
[NFPA 54: FIGURE 10.3.2.3(a)] 


Mounted with side 
and top edges open 


, 
Not less than 1 Hl oe 


air space between 
masonry and com- 
bustible wall 


KS 
Te 


Mounted with top 
and bottom edges 
open 


Wall protector mounted 


with all edges open Corrugated 


metal wall 
ties 


4 inch nominal 
brick wall 


4 


YY 
YYYy 
Yi, 


Wall protector mounted 


on single flat wall 


Bottom and top course 
of bricks staggered for 


ventilation 
SS 
A strip of heavy-gauge steel NS 


used for added support 


Note: Do not place masonry wall ties directly 
behind appliance or connector. 


SY 


a 


For SI units: 1 inch = 25.4 mm 


FIGURE 303.10.1(3) 
MASONRY CLEARANCE REDUCTION SYSTEM 
[NFPA 54: FIGURE 10.3.2.3(c)] 


Nail or screw anchor 


<«—— Clearance 
reduction system 


| 1 inch noncombustible 

spacer such as stacked washers, 
small-diameter pipe, tubing, or 
electrical conduit. 


For SI units: 1 inch = 25.4 mm 


| Note: Masonry walls can be attached to combustible walls using wall ties. 
Spacers shall not be used directly behind appliance or connector. 


FIGURE 303.10.1(2) 
WALL PROTECTOR CLEARANCE REDUCTION SYSTEM 
[NFPA 54: FIGURE 10.3.2.3(b)] 
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TABLE 313.3 
HANGERS AND SUPPORTS 


"MATERIALS 


TYPES OF JOINTS 


HORIZONTAL 


VERTICAL 


[Cast 


Lead and Oakum 


5 feet, except 10 feet where 10 foot 
lengths are installed! * * 


Base and each floor, not to exceed 15 feet 


Compression Gasket 


Every other joint, unless over 4 feet 
then support each joint! * 3 


Base and each floor, not to exceed 15 feet 


Cast-Iron Hubless 


Shielded Coupling 


Every other joint, unless over 4 feet 
then support each joint!* 4 


Base and each floor, not to exceed 15 feet 


Solvent Cemented 


Copper & Copper Alloys Soldered, Brazed, 14 inches and smaller, 6 feet; 2 Pend “i Keli 

(ee tae Threaded, or Mechanical inches and larger, 10 feet ae cab hs Uae - | 

Steel Pipe for Water ¥4 inch and smaller, 10 feet; 1 inch 5 

DWV - Threaded or Welded Or tanger 19 fect Every other floor, not to exceed 25 igi 

Steel Pipe for Gas Thteddal Sr Weldad 4 inch, 6 feet; 4 inch and 1 inch, 8 4 inch, 6 feet; 4 inch and 1 inch, 8 feet; 

feet; 1'4 inches and larger, 10 feet 1'4 inches every floor level 

Schedule 40 PVC and All sizes, 4 feet; allow for expansion Base and each floor; provide mid-story 
Solvent Cemented 3 : : : 

ABS every 30 feet guides; provide for expansion every 30 feet 

CPVC 1 inch and smaller, 3 feet; 1% inches Base and each floor; 


and larger, 4 feet 


provide mid-story guides 


\CPVC-AL-CPVC 


Solvent Cemented 


4 inch, 5 feet; °4 inch, 65 inches; 
1 inch, 6 feet 


Base and each floor; 
provide mid-story guides 


Lead 


saddle, electrofusion), 
threaded (metal threads 
only), or mechanical 


Wiped or Burned Continuous Support Not to exceed 4 feet 
Steel Mechanical In accordance with standards acceptable to the Authority Having Jurisdiction 
PEX Cold Expansion, Insert 1 inch and smaller, 32 inches; Base and each floor; 
and Compression 14 inches and larger, 4 feet provide mid-story guides 
PEX-AL-PEX Ve nen 
Metal insert and metal ; : : Base and each floor; 
Ys inch All sizes 98 inches : 
compression : provide mid-story guides 
1 inch 
PE-AL-PE Ve 
Metal insert and metal if Bik : Base and each floor; 
: Y4 inch All sizes 98 inches ; ; : 
compression : provide mid-story guides 
1 inch 
PE-RT 2 oy Spe ms ae 1 inch and smaller, 32 inches; Base and each floor; 
eae P 1'4 inches and larger, 4 feet provide mid-story guides 
Polypropylene (PP) Fusion weld (socket, butt, 


1 inch and smaller, 32 inches; 
1'4 inches and larger, 4 feet 


Base and each floor; 
provide mid-story guides 


For SI unit: | inch = 25.4 mm, 
Notes: 


1 foot = 304.8 mm 


' Support adjacent to joint, not to exceed 18 inches (457 mm). 
? Brace not to exceed 40 feet (12 192 mm) intervals to prevent horizontal movement. 
3 Support at each horizontal branch connection. 


* Hangers shall not be placed on the coupling. 
> Vertical water lines shall be permitted to be supported in accordance with recognized engineering principles with regard to expansion and contraction, where 
first approved by the Authority Having Jurisdiction. 
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CALIFORNIA MECHANICAL CODE - MATRIX ADOPTION TABLE 
CHAPTER 4 - VENTILATION AIR 
(Matrix Adoption Tables are non-regulatory, intended only as an aid to the code user. See Chapter 1 for state agency authority and building applications.) 


Adopting Agency 


BSC 


BSC- 
CG 


SFM 


AC 


DSA 


OSHPD 


ss 


SS/CC 


2)|3 


BSCC 


DPH 


AGR 


DWR 


CEC CA 


SL 


SLC 


Adopt Entire Chapter 


Adopt Entire Chapter as 


listed below) 


amended (amended sections 


Adopt only those sections 
that are listed below 


Chapter/Section 


401.0 
401.1 


x x 


> x 


416.3 
416.4 


420.0 


419.0 and subsections 


pe a eae Aa se ences ell oy lees 3h elle ll eve ee 


CCI 


* 


EI 


ian 


eta Son o> Se Pee =e ‘ y z x ee 
PMiLT Pina «TRE CT a oo ne WoT eri : 2s a 
402.0 ; wer 6 ei ie es Rligy |x|x|x|x]x/x] | (ina ae 
402.1 X;/ X |X|X/|X/|X|X/|X Xx 
402.2 | | Raliegh is ee eel | 
402.1.2 |_| x|x[x|x[x[x| | vd | 
<P poneryepe geen 128 babe ili ehngd XX) o Plat - 1 t pentbieke Fibs 
D aMad taba. ace od i : = a ais 
Tar ae i ie paisa tas ee ote e - Teal 
ean le aby ee Fe i) Sing Bs 
wie ee : ate = She : 
410.0 and subsections |x}x|x|x]x]x! ; 
411.0 and subsections | / ‘ii ie Ix] x|x |x |x. et) 
412.0 and subsections x MEX | XX y 
413.0 and subsections Xx X|X|X x | 
414.0 and subsections ap . x x x x |x pet " 
415.0.and subsections | | sh Sd OG 6 Oe RRS 9 das «esl b ginny way 
|x 
x 
x 
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CALIFORNIA MECHANICAL CODE — MATRIX ADOPTION TABLE 
CHAPTER 4 — VENTILATION AIR (continued) 
(Matrix Adoption Tables are non-regulatory, intended only as an aid to the code user. See Chapter 1 for state agency authority and building applications.) 


ee ts ae ee patel a = SS fe == T 
| | | 


| 
Adopting Agency BSC "Gq | SFM BSCC |DPH AGR DWR CEC CA | SL SLC 


| Tagen aS ee a a 1 a eo er aaa = a aa ees 
Adopt Entire Chapter | 
|Adopt EntireChapteras | | | "Talkies toseielaad ea er py 
amended (amended sections | X ae ab'4 Kn xX 
listed below) 


‘Adopt only those sections | | |. ot SA Ad ES ie a 
that are listed below | 


Chapter/Section 
Table 4-A | X|X|X|X/X/| xX 


Table 4-B ) | x |x x |X| | | 


J ee eS a mt ee | — = 


‘Table 4-C ae: xT x 


Sa at aoe aS a MIE 


Table 402.1 Xx x| x | 


hs | 


The Office of the State Fire Marshal's adoption of this chapter or individual sections is applicable to structures regulated by other state agencies pursuant to 
Section 1.11.0. 
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CHAPTER 4 
VENTILATION AIR 


401.0 General. 


401.1 Applicability. This chapter contains requirements for 
ventilation air supply, exhaust, and makeup air requirements 

| for occupiable spaces within a building. [OSHPD 1, 1R, 2, 
3,4 & 5] See Sections 404.0 through 418.0. [SFM] Air filters 
shall comply with all requirements of Part 12, Title 24, Chap- 
ter 12-71, SFM Standard 12-71-1. Spaces within buildings, 
except those within a dwelling unit in residential occupancies 
where occupants are nontransient, shall comply with Section 
402.0 through Section 404.0. Requirements for ventilation air 
rate for dwelling units in residential occupancies, where the 
occupants are nontransient, shall be in accordance with Sec- 
tion 405.0. 


401.2 Filters. [BSC-CG], [DSA-SS & DSA-SS/CC] In 
mechanically ventilated buildings, provide regularly occu- 
pied areas of the building with air filtration media for out- 
side and return air that provides at least a Minimum 
Efficiency Reporting Value (MERV) of 13. MERV 13 filters 
shall be installed prior to occupancy, and recommendations 
for maintenance with filters of the same value shall be 
included in the operation and maintenance manual in com- 
pliance with Chapter 5, Division 5.5. of the California Green 
Building Standards Code (CALGreen). 


Exception: Existing mechanical equipment. 


401.2.1 Labeling. Installed filters shall be clearly 
labeled by the manufacturer indicating the MERV rating. 


402.0 Ventilation Air. 


402.1 Occupiable Spaces. Occupiable spaces listed in 
Table 402.1 [OSHPD 1, 1R, 2, 3, 4 & 5] and Table 4-A shall 
be designed to have ventilation (outdoor) air for occupants in 

|| accordance with this chapter. [DSA-SS & DSA-SS/CC] Ven- 
tilation air requirements for occupancies regulated by the 
California Energy Commission are found in the California 
Energy Code. 


[CEC] Ventilation air requirements for occupancies regu- 
lated by the California Energy Commission and found in the 
California Energy Code supersede those of the California 
Mechanical Code. 


402.1.1 Construction Documents. The outdoor air 
ventilation rate and air distribution assumptions made in 
the design of the ventilation system shall be clearly iden- 
tified on the construction documents. 


=i 
»» 402.1.2 Ventilation in Health Care Facilities. 


Mechanical ventilation for health care facilities shall be 
designed and installed in accordance with this code and 
ASHRAE 170. [OSHPD 1, 1R, 2, 3, 4 & 5]-2013, 
through Addendum ae. Ventilation rates for areas not 
specified in Table 4-A shall have minimum ventilation 
and air change rates per ANSI/ASHRAE Standard 62.1. 
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Where areas with prescribed ventilation rates in both 
Standards 62.1 and Table 4-A exist, the higher of the two 
air change rates shall be used. All supply-air, return air, 
and exhaust-air systems shall comply with ASHRAE 170. 
The text of ASHRAE 170 shall be modified as follows: 


(1) ASHRAE 170. Section 6.1.2.1 -- Not adopted. 

(2) ASHRAE 170. Section 6.3.2 -- Not adopted. 

(3) ASHRAE 170. Table 6.4 -- Not adopted. 

(4) ASHRAE 170. Section 6.4-6.4.4 -- Not adopted. 

(5) ASHRAE 170. Section 6.9 -- Not adopted. 

(6) ASHRAE 170. Section 7.1a -- Modify as follows: 
Replace reference to Table 7.1 with reference to 


Table 4-A. 

(7) ASHRAE 170. Section 7.2.la through e -- Not 
adopted. 

(8) ASHRAE 170. Section 7.2.2 a through c, and e -- Not 
adopted. 


(9) ASHRAE 170. Section 7.2.3 -- Not adopted. 
(10) ASHRAE 170. Section 7.3.1 -- Modify as follows: 


Replace reference to Table 7.1 with reference to 
Table 4-A. 


(11) ASHRAE 170. Section 7.4.1 -- Modify as follows: 


Delete the Exception that allows for high return 
grilles. 


402.2 Natural Ventilation. [Not permitted for OSHPD 
1, 2, 3,4 & 5] Natural ventilation systems shall be designed 
in accordance with this section and shall include mechanical 
ventilation systems designed in accordance with Section 
403.0, Section 404.0, or both. 


Exceptions: 


(1) An engineered natural ventilation system where 
approved by the Authority Having Jurisdiction need not 
comply with Section 402.2. 


(2) The mechanical ventilation systems shall not be required | 
where: 


(a) natural ventilation openings that comply with the | 
requirements of Section 402.2 and are permanently 
open or have controls that prevent the openings from 
being closed during periods of expected occupancy 
or 


(b) the zone is not served by heating or cooling equip- 
ment. [ASHRAE 62.1:6.4] 
402.2.1 Floor Area to be Ventilated. Spaces, or por- 
tions of spaces, to be naturally ventilated shall be located 
within a distance based on the ceiling height, as deter- 
mined in accordance with Section 402.2.1.1, Section 
402.2.1.2, or Section 402.2.1.3, from operable wall open- 
ings in accordance with the requirements of Section | 
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402.2.2. For spaces with ceilings that are not parallel to 
the floor, the ceiling height shall be determined in accor- 
dance with Section 402.2.1.4. [ASHRAE 62.1:6.4.1] 


402.2.1.1 Single Side Opening. For spaces with 
operable openings on one side of the space, the dis- 
tance from the operable openings shall be not more 
than 2H, where H is the ceiling height. [ASHRAE 
62.1:6.4.1.1] 


402.2.1.2 Double Side Opening. For spaces 
with operable openings on two opposite sides of the 
space, the distance from the operable openings shall 
be not more than 5H, where H is the ceiling height. 
[ASHRAE 62.1:6.4.1.2] 


402.2.1.3 Corner Openings. For spaces with 
operable openings on two adjacent sides of a space, 
the distance from the operable openings shall be not 
more than 5H along a line drawn between the two 
openings that are farthest apart. Floor area outside 
that line shall comply with Section 402.2.1.1. 
[ASHRAE 62.1:6.4.1.3] 


402.2.1.4 Ceiling Height. The ceiling height, H, 
to be used in Section 402.2.1.1 through Section 
402.2.1.3 shall be the minimum ceiling height in the 
space. 


Exception: For ceilings that are increasing in height 
as distance from the openings is increased, the ceil- 
ing height shall be determined as the average height 
of the ceiling within 20 feet (6096 mm) from the 
operable openings. [ASHRAE 62.1:6.4.1.4] 


402.2.2 Location and Size of Openings. Spaces or 
portions of spaces to be naturally ventilated shall be per- 
manently open to operable wall openings directly to the 
outdoors. The openable area shall be not less than 4 per- 
cent of the net occupiable floor area. Where openings are 
covered with louvers or otherwise obstructed, openable 
area shall be based on the net free unobstructed area 
through the opening. Where interior rooms, or portions 
of rooms, without direct openings to the outdoors are 
ventilated through adjoining rooms, the opening between 
rooms shall be permanently unobstructed and have a free 
area of not less than 8 percent of the area of the interior 
room or less than 25 square feet (2.3 m’*). [ASHRAE 
62.1:6.4.2] 


402.2.3 Control and Accessibility. The means to 
open required operable openings shall be readily acces- 
sible to building occupants where the space is occupied. 
Controls shall be designed to coordinate operation of the 
natural and mechanical ventilation systems. [ASHRAE 
62.1:6.4.3] 
402.3 Mechanical Ventilation. [Not permitted for 
OSHPD 1, 2, 3, 4 & 5] Where natural ventilation is not per- 
mitted by this section or the California Building Standards 
Code, mechanical ventilation systems shall be designed, con- 
structed, and installed to provide a method of supply air and 
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exhaust air. Mechanical ventilation systems shall include con- 
trols, manual or automatic, that enable the fan system to oper- 
ate wherever the spaces served are occupied. The system shall 
be designed to maintain minimum outdoor airflow as required 
by Section 403.0 under any load conditions. 


402.4 Outdoor Air Intake Protection. Required outdoor- 
air intakes shall be covered with a screen having not less than 
4 of an inch (6.4 mm) openings, and shall have not more than 
2 of an inch (12.7 mm) openings. 


402.4.1 Weather Protections. Outdoor air intakes 
that are part of the mechanical ventilation system shall be 
designed to manage rain entrainment, to prevent rain 
intrusion, and manage water from snow in accordance 
with ASHRAE 62.1. 


403.0 Ventilation Rates. [Not permitted for OSHPD 1, 
2, 3,4 & 5 spaces listed in Table 4-A] 


403.1 General. The design outdoor air intake flow rate for 
a ventilation system shall be determined in accordance with 
Section 403.2 through Section 403.9.4. 


403.2 Zone Calculations. Ventilation zone parameters 
shall be determined in accordance with Section 403.2.1 
through Section 403.2.3 for each ventilation zone served by 
the ventilation system. [ASHRAE 62.1:6.2.2] 


403.2.1 Breathing Zone Outdoor Airflow. The out- 
door airflow required in the breathing zone (V},) of the 
occupiable space or spaces in a ventilation zone shall be 
not less than the value determined in accordance with 
Equation 403.2.1. 


Vn = RP ant 6A (Equation 403.2.1) 

Where: 

A, = zone floor area, the net occupiable floor area of 
the ventilation zone, square feet (m”). 

P= zone population, the number of people in the ven- 
tilation zone during typical usage. 

Rp = outdoor airflow rate required per person as deter- 
mined from Table 402.1. 

R= outdoor airflow rate required per unit area as 


determined from Table 402.1. 
O2FF6.22) 11 


403.2.2 Zone Air Distribution Effectiveness. The 
zone air distribution effectiveness (£,) shall be not 
greater than the default value determined in accordance 
with Table 403.2.2. [ASHRAE 62.1:6.2.2.2] 

403.2.3 Zone Outdoor Airflow. The zone outdoor air- 
flow (V,,) provided to the ventilation zone by the supply 


air distribution system shall be determined in accordance 
with Equation 403.2.3. [ASHRAE 62.1:6.2.2.3] 


[ASHRAE 


Vo Vp, /Ez (Equation 403.2.3) 
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403.3 Single-Zone Systems. For ventilation systems 
where one or more air handlers supply a mixture of outdoor 
air and recirculated air to only one ventilation zone, the out- 
door air intake flow (V,,) shall be determined in accordance 
with Equation 403.3. [ASHRAE 62.1:6.2.3] 


Vot = Voz (Equation 403.3) 


403.4 One Hundred Percent Outdoor Air Systems. 
For ventilation systems where one or more air handlers sup- 
ply only outdoor air to one or more ventilation zones, the out- 
door air intake flow (V,,) shall be determined in accordance 
with Equation 403.4. [ASHRAE 62.1:6.2.4] 


V 


ot ~ all zones “ 


OZ 


(Equation 403.4) 


403.5 Multiple-Zone Recirculating Systems. For ven- 
tilation systems where one or more air handlers supply a mix- 
ture of outdoor air and recirculated air to more than one 
ventilation zone, the outdoor air intake flow (V,,) shall be 
determined in accordance with Section 403.5.1 through Sec- 
tion 403.5.2. [ASHRAE 62.1:6.2.5] 


403.5.1 Uncorrected Outdoor Air Intake. The 
uncorrected outdoor air intake (V,,,,) flow shall be deter- 
mined in accordance with Equation 403.5.1. [ASHRAE 
624 :6.2;5,1] 


(Equation 403.5.1) 
You =P d all zones Rp*Pz) + > all zones Ra*4z) 


403.5.1.1 Occupant Diversity. The occupant 
diversity ratio (D) shall be determined in accordance 
with Equation 403.5.1.1 to account for variations in 
population within the ventilation zones served by the 
system. 


(Equation 403.5.1.1) 
D = Ps /% all zones Pz 


Where the system population (P,) is the total 
population in the area served by the system. 


Exception: Alternative methods to account for 
occupant diversity shall be permitted, provided that 
the resulting (V,,,,) value is not less than that deter- 
mined in accordance with Equation 403.5.1. 
[ASHRAE 62.1:6.2.5.1.1] 


403.5.1.2 System Ventilation Efficiency. The 
system ventilation efficiency (£,,) shall be deter- 
mined in accordance with Section 403.5.1.3 for the 
simplified procedure or Section 404.0 for the alter- 
nate procedure. These procedures also establish zone 
minimum primary airflow rates for VAV systems. 
[ASHRAE 62.1:6.2.5.2] 
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403.5.1.3 Simplified Procedure for System 
Ventilation Efficiency. System ventilation effi- 
ciency (E,,) shall be determined in accordance with 
Equation 403.5.1.3(1) or Equation 403.5.1.3(2). 
[ASHRAE 62.1:6.2.5.3 - 6.2.5.3.1] 


[Equation 403.5.1.3(1)] 
E,, = 0.88°D + 0.22 for D < 0.60 


E,, = 0.75 for D > 0.60 [Equation 403.5.1.3(2)] 


403.5.1.4 Zone Minimum Primary Airflow. For 
each zone, the minimum primary airflow (V,,,_ jn) 
shall be determined in accordance with Equation 
403.5.1.4. [ASHRAE 62.1:6.2.5.3.2] 


V, 


pz-min = 


mney 


(Equation 403.5.1.4) 


403.5.2 Outdoor Air Intake. The design outdoor air 
intake flow (V4) shall be determined in accordance with 
Equation 403.5.2. [ASHRAE 62.1:6.2.5.4] 


Vor = You/Ev (Equation 403.5.2) 


403.6 Design for Varying Operating Conditions. Ven- 
tilation systems shall be designed to be capable of providing 
not less than the minimum ventilation rates required in the 
breathing zone where the zones served by the system are 
occupied, including all full and part-load conditions. The min- 
imum outdoor air intake flow shall be permitted to be less 
than the design value at part-load conditions. [ASHRAE 
62.1:6.2.6.1] 


403.6.1 Short-Term Conditions. Where it is known 


« 


« 


that peak occupancy will be of short duration, ventila- | 


tion will be varied or interrupted for a short period of 


time, or both, the design shall be permitted to be based on | 


the average conditions over a time period (7) determined 
by Equation 403.6.1. 


Te 3V/V he (Equation 403.6.1) 
Where: 
Lia == 


Vv = 


averaging time period, minutes. 
aging is being applied, cubic foot (m’). 


accordance with Equation 403.2.1 and design 
value of the zone population (P,), cubic foot per 
minute (CFM) (m?/min). 
Acceptable design adjustments based on this 
optional provision including the following: 
(1) Zones with fluctuating occupancy: The zone popu- 
lation (P_,) shall be permitted to be averaged over 


time (7). 
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the volume of the ventilation zone where aver- | 


the breathing zone outdoor airflow calculated in | 
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(2) Zones with intermittent interruption of supply air: 
The average outdoor airflow supplied to the breath- 
ing zone over time (7) shall be not less than the 
breathing zone outdoor airflow (Vp,) calculated 
using Equation 403.2.1. 


(3) Systems with intermittent closure of the outdoor air 
intake: The average outdoor air intake over time (7) 
shall be not less than the minimum outdoor air 
intake (V,,) calculated using Equation 403.3, Equa- 
tion 403.4, or Equation 403.5.2. [ASHRAE 
62.1:6.2.6.2] 


403.7 Exhaust Ventilation. Exhaust airflow shall be pro- 
vided in accordance with the requirements in Table 403.7. 
Exhaust makeup air shall be permitted to be a combination 
of outdoor air, recirculated air, and transfer air. 
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403.7.1 Parking Garages. Exhaust rate for parking 
garages shall be in accordance with Table 403.7. Exhaust 
rate shall not be required for enclosed parking garages 
having a floor area of 1000 square feet (92.9 m7’) or less 
and used for the storage of 5 or less vehicles. 


403.7.2 Enclosed Parking Garages. Mechanical 
ventilation systems for enclosed parking garages shall 
operate continuously. 


Exceptions: 


(1) Mechanical ventilation systems shall be permitted 
to operate intermittently where the system is 
designed to operate automatically upon detection of 
vehicle operation or the presence of occupants by 
approved automatic detection devices. 


(2) Approved automatic carbon monoxide sensing 
devices, and nitrogen dioxide detectors shall be per- 
mitted to modulate the ventilation system to not 
exceed a maximum average of 50 parts per million of 
carbon monoxide, or | part per million nitrogen diox- 
ide during an eight-hour period with a concentration 
of not more than 200 parts per million for carbon 
monoxide, or 5 parts per million nitrogen dioxide, 
for a period not exceeding 15 minutes. Automatic 
sensing devices installed in modulated parking 
garage ventilation systems shall be approved in 
accordance with Section 301.2. 


403.7.2.1 Alternative Exhaust Ventilation for 
Enclosed Parking Garages. 


403.7.2.2 Minimum Exhaust Rate. [HCD 1 & 
2] In lieu of the exhaust rates in Table 403.7, venti- 
lation systems shall be capable of providing 14,000 
cfm (6608 L/s) of exhaust air for each operating 
vehicle. Number of operating vehicles shall be deter- 
mined based on 2.5 percent of all parking spaces 
(and not less than one vehicle). 


403.7.2.3 Exhaust Inlet Distribution. [HCD 1 
& 2] To ensure proper exhaust of contaminated air 
and fumes from parking garages, exhaust systems 


utilizing multiple exhaust inlets shall be designed so 
that exhaust inlets are distributed in such a manner 
that no portion of the parking garage is more than 
50 feet (15 240 mm) from an exhaust inlet. Such 
exhaust inlets shall be installed so that the highest 
elevation of the exhaust inlet is no greater than 12 
inches (305 mm) below the lowest ceiling level. 


Exception: Garage exhaust systems designed with- 
out distributed exhaust inlets may have their exhaust 
inlets designed based on the principles of engineering 
and mechanics and shall provide the minimum 
required exhaust rate in Table 403.7. 


403.7.2.4 Exhaust System Operation. [HCD 1 
& 2] Exhaust systems shall operate continuously 
unless one of the exceptions to continuous operation 
of Section 403.7.2 is utilized. 


403.8 Dynamic Reset. The system shall be permitted to 
be designed to reset the outdoor air intake flow (V,,), the 
space or ventilation zone airflow (V,,) as operating condi- 
tions change, or both. [ASHRAE 62.1:6.2.7] | 


403.9 Air Classification and Recirculation. Air shall 
be classified, and its recirculation shall be limited in accor- | 
dance with Section 403.9.1 through Section 403.9.4. 
[ASHRAE 62.1:5.16] Recirculated air shall not be taken from 
prohibited locations in accordance with Section 311.3. 


403.9.1 Class 1 Air. Recirculation or transfer of Class 
1 air to other spaces shall be permitted. [ASHRAE 
62.1:5.16.3.1] 


403.9.2 Class 2 Air. Recirculation of Class 2 air within 
the space of origin shall be permitted. Recirculation or 
transfer of Class 2 air to other Class 2 or Class 3 spaces 
shall be permitted, provided the other spaces are used for 
the same or similar purpose or task and involve the same 
or similar pollutant sources as the Class 2 space. Trans- 
fer of Class 2 air to toilet rooms shall be permitted. Recir- 
culation or transfer of Class 2 air to Class 4 spaces shall 
be permitted. Class 2 air shall not be recirculated or trans- 
ferred to Class | spaces. Where using an energy recover 
device, recirculation from leakage, carryover, or transfer 
from the exhaust side of the energy recovery device shall 
be permitted and the recirculated Class 2 air shall not 
exceed 10 percent of the outdoor air intake flow. 
[ASHRAE 62.1:5.16.3.2] 


403.9.3 Class 3 Air. Recirculation of Class 3 air within 
the space of origin shall be permitted. Class 3 air shall 
not be recirculated or transferred to other spaces. Where 
using an energy recover device, recirculation from leak- 
age, carryover, or transfer from the exhaust side of the 
energy recovery device shall be permitted and the recir- 
culated Class 3 air shall not exceed 5 percent of the out- 
door air intake flow. [ASHRAE 62.1:5.16.3.3] 


403.9.4 Class 4 Air. Class 4 air shall not be recircu- 
lated or transferred to any other space or be recirculated | 
within the space of origin. [ASHRAE 62.1:5.16.3.4] 
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404.0 Alternative Procedure for Multiple-Zone Sys- 
tems Ventilation Efficiency. 


404.1 General. This section presents an alternative proce- 
dure for calculating the system ventilation efficiency (E,,) for 
multiple zone recirculating systems that shall be used when 
Section 403.5.1.3 is not used. The system ventilation effi- 
ciency shall equal the lowest zone ventilation efficiency 
among the ventilation zones served by the air handler in 
accordance with Equation 404.1. [ASHRAE 62.1:A1.3] 


E,,= minimum (£,,) (Equation 404.1) 


404.2 Average Outdoor Air Fraction. The average out- 
door air fraction (X,) for the ventilation system shall be deter- 
mined in accordance with Equation 404.2. 


A= Ver JV, ps (Equation 404.2) 


The uncorrected outdoor air intake (Vox) shall be deter- 
mined in accordance with Section 403.5.1, and the system 
primary airflow (Vps) shall be determined at the condition 
analyzed. [ASHRAE 62.1:A1.1] 


404.3 Zone Ventilation Efficiency. The zone ventilation 


| efficiency (£,,-) shall be determined in accordance with Sec- 


tion 404.3.1 or Section 404.3.2. [ASHRAE 62.1:A1.2] 


404.3.1 Single Supply Systems. For single supply 
systems, where the air supplied to a ventilation zone is a 
mixture of outdoor air and system-level recirculated air, 
zone ventilation efficiency (£,,,) shall be determined in 
accordance with Equation 404.3.1. Examples of single 
supply systems include constant-volume reheat, single- 
duct VAV, single-fan dual-duct, and multizone systems. 


Lite Ha\ Lz (Equation 404.3.1) 


The average outdoor air fraction for the system (X,) 
shall be determined in accordance with Equation 404. ; 
and the primary outdoor air fraction for the zone (Z 
shall be determined in accordance with Equation 404. Pe 
[ASHRAE 62.1:A1.2.1] 


Zn, Ve (Equation 404.3.1) 


For VAV systems, V,,, is the lowest zone primary air- 
flow value expected at the design condition analyzed. 


404.3.2 Secondary-Recirculation Systems. For 
secondary-recirculation systems where the supply air or 
a portion thereof to each ventilation zone is recirculated 
air (air that has not been directly mixed with outdoor air) 
from other zones, zone ventilation efficiency (£,,) shall 
be determined in accordance with Equation 404. a 2(1). 
Examples of secondary-recirculation systems include 
dual-fan dual-duct and fan-powered mixing-box systems, 
and systems that include transfer fans for conference 
rooms. 
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[Equation 404.3.2(1)] 
Praia. Fp Zpz °F pe olka 


The system air fractions F @ Pp, and F, shall be 
determined in accordance with Equation 404.3.2(2), 
Equation 404.3.2(3), and Equation 404.3.2(4). The zone 
primary air fraction (£,,) shall be determined in accor- 
dance with Equation 404. 4.3.2(5). For single-zone and sin- 
gle-supply systems E,, shall equal to 1.0. The zone 
secondary recirculation fraction (E,,) shall be determined 
by the designer based on system configuration. The zone 
air distribution effectiveness (E,) shall be determined in 
accordance with Section 403.2.2. [ASHRAE 62.1:A1.2.2] 


Pe E,ytU-Ep)*E, [Equation 404.3.2(2)] 


fyi [Equation 404.3.2(3)] 


F,=14(1-E,)(1-E,)*(I-Ep) [Equation 404.3.2(4)] 


= og To ge [Equation 404.3.2(5)] 


Where: 
E,, = Primary air fraction: The fraction of primary air in 
P : . a 
the discharge air to the ventilation zone. 


E,. = Secondary recirculation fraction: In systems with 
secondary recirculation of return air, the fraction 
of secondary recirculated air to the zone that is 
representative of average system return air rather 


than air directly recirculated from the zone. 


ifs 


E,, = System ventilation efficiency: the efficiency with 
which the system distributes air from the outdoor 
air intake to the breathing zone in the ventilation- 
critical zone, which requires the largest fraction of 
outdoor air in the primary airstream. 


E,,, = Zone ventilation efficiency: The efficiency with 
which the system distributes air from the outdoor 
air intake to the breathing zone in any particular 
ventilation zone. 


E, = Zone air distribution effectiveness: A measure of 
the effectiveness of supply air distribution to the 
breathing zone. E, is determined in accordance 
with Section 403.2.2. 


Supply air fraction: The fraction of supply air to 
the ventilation zone from sources or air outside the 
zone. 


Mixed air fraction: The fraction of supply air to 
the ventilation zone from fully mixed primary air. 


F., = Outdoor air fraction: The fraction of outdoor air 
to the ventilation zone from sources of air outside 
the zone. 


V 4, = Zone discharge airflow: The expected discharge 
(supply) airflow to the zone that includes primary 
airflow and secondary recirculated airflow, CFM 
(m?/min). 


y 
II 


o 
II 
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V.,, = Zone primary airflow: The zone primary airflow 
to the ventilation zone, including outdoor air and 
recirculated air. 


Xx, 


sy — Average outdoor air fraction: At the primary air 


handler, the fraction of outdoor air intake flow in 
the system primary airflow. 


Zz = Primary outdoor air fraction: The outdoor air frac- 
tion required in the primary air supplied to the 
ventilation zone prior to the introduction of sec- 
ondary recirculation air. [ASHRAE 62.1:A3] 


405.0 Indoor Air Quality for Residential Occupan- 
cies. 


405.1 General. Rooms or occupied spaces within residen- 
tial occupancies, where the occupants are nontransient, shall 
be designed to have mechanical ventilation and exhaust air 
in accordance with Section 405.2 through Section 405.5. 


405.1.1 Natural Ventilation. Where approved by the 
Authority Having Jurisdiction, natural ventilation shall 
be permitted for Climate Zone 1, Climate Zone 2, or for 
thermally conditioned buildings for less than 876 hours 
per year. 


405.2 Ventilation Air Rate. The required mechanical ven- 
tilation outdoor air rate (Q;,;) shall be as calculated in accor- 
dance with Equation 405.2. 


Exception: For existing buildings and where permitted by 
the Authority Having Jurisdiction, the total mechanical ven- 
tilation (Q;o7) is not required where Q;,; is calculated to be 
less than 15 ft?/min (0.007 m?/s). 


OF = 0.034 Aoor eC Bae tL) (Equation 405.2) 


Where: 

Qrot Total required ventilation outdoor air rate, CFM 
Afoor = Floor area, ft? 

Npy = Number of bedrooms more than | 


For SI Units: 1 cubic foot per minute = 0.00047 m?/s 


405.2.1 Reduced Ventilation Air Rate. Where per- 
mitted by the Authority Having Jurisdiction, the mechan- 
ical ventilation air rate required in Section 405.2 shall be 
permitted to be reduced where an infiltration rate is deter- 
mined in accordance with ASTM E779. 


405.3 Bathroom Exhaust. A mechanical exhaust directly 
to the outdoors shall be provided in each room containing a 
bathtub, shower, or tub/shower combination. The fan shall 
run intermittently (on demand) or continuously. A readily 
accessible manual control designed to be operated as needed 
or an automatic control shall be provided for intermittent 
operations. [HCD 1 & HCD 2] Each bathroom shall also be 
mechanically ventilated in accordance with Division 4.5 of 
the California Green Building Standards Code (CALGreen). 


405.3.1 Exhaust Rate. The exhaust rate shall be not 
less than 50 ft?/min (0.02 m?/s) for intermittent operation 
and 20 ft?/min (0.009 m?/s) for continuous operation. 
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405.4 Kitchen Exhaust. A mechanical exhaust directly to 
the outdoors shall be provided in each kitchen. The fan shall 
run intermittently (on demand) or continuously. A readily 
accessible manual control designed to be operated as needed 
or an automatic control shall be provided for intermittent 
operations. 


405.4.1 Exhaust Rate. For intermittent-controlled 
operations, the exhaust rate shall be not less than 100 
ft?/min (0.047 m?/s) for range hoods or 300 ft?/min (0.141 
m?/s) for mechanical exhaust fans including downdraft 
appliances. For continuous operated ventilation, the 
exhaust rate shall be not less than 5 air changes per hour 
based on kitchen volume for enclosed kitchens. 


405.5 Ventilation Openings. Occupiable spaces shall be 
provided with a readily accessible ventilation opening open- 
able to the outdoors. The opening shall be not less than 5 
square feet (0.464 m7) or 4 percent of the occupied floor area. 
The openable area shall be based on free, unobstructed area 
through the opening. 


406.0 Evaporative Cooling System for Health Care || 
Facilities. [For OSHPD 1, 1R, 2, 3, 4 & 5] Direct evapora- 
tive cooling systems where the air directly contacts the wetted 
surface or spray shall be limited in health facilities to nonpatient 
areas such as laundry rooms, food preparation areas, and boiler 
or machinery rooms. Similar rooms with high heating-produc- 
ing equipment will be considered when specifically approved 
by the enforcing agency. The evaporative pads shall be a syn- 
thetic type. Filters shall be required in accordance with Tables 
4-B and 4-C except utility rooms, i.e.: boiler or machinery 
rooms. 


407.0 Ventilation System Details. [OSHPD 1, 1R, 2, 3, 4 
& 5] 


407.1 General. 


407.1.1 All supply-air, return air, and exhaust-air sys- 
tems shail be mechanically operated and such systems 
for areas listed in Table 4-A shall be operated continu- 
ously. Natural ventilation through windows or other 
openings such as louvers will be considered as supple- 
mental to the required mechanical ventilation systems. 


Exceptions: 


(1) Natural ventilation shall not be used in airborne 
infection isolation rooms and protective environment 
rooms. 


(2) The number of air changes may be reduced to 25 
percent of the indicated value in Table 4-A, when the 
room is unoccupied, if provisions are made to ensure 
the following: 

(1) The number of air changes per hour indicated 
is reestablished whenever the space is occupied. 
(2) The pressure relationship with the surrounding 
rooms is maintained when the air changes per 
hour are reduced. In areas requiring no contin- 
uous directional control as identified in accor- 
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dance with Table 4-A, ventilation systems may 
be shut down when the space is unoccupied and 
ventilation is not otherwise required. Ventilation 
shall not be reduced in rooms specifically used 
for airborne infection control, such as waiting 
rooms, triage rooms, corridors, reception areas, 
areas adjacent to waiting areas, airborne infec- 
tion isolation rooms, negative pressure exam 
room, negative pressure x-ray treatment rooms, 
and protective environment rooms. All operat- 
ing and delivery rooms shall maintain a mini- 
mum of six air changes per hour of total air 
when not in use. 


407.1.2 Fans serving exhaust systems shall be located at 
the discharge end of the system. The ventilation rates 
shown in Table 4-A shall be considered as minimum 
acceptable rates and shall not be construed as precluding 
the use of higher ventilation rates if they are required to 
meet design conditions. 


407.1.3 Services/Systems and Utilities. (Refer to Sec- 
tion 1224.4.1 of the California Building Code). 


407.2 Outdoor Air Intakes and Exhaust Outlets. 


4072.1 Outdoor Air Intakes. Outdoor air intakes shall 
be located at least 25 feet (7.62 m) from exhaust outlets of 
ventilating systems, combustion equipment stacks, med- 
ical-surgical vacuum systems, cooling towers, and areas 
that may collect vehicular exhaust or other noxious 
fumes. Plumbing vents shall be located in relation to out- 
door air intakes per California Plumbing Code. The bot- 
tom of outdoor air intakes shall be located as high as 
practicable, but not less than 10 feet (3048 mm) above 
ground level. If installed above the roof, they shall be 
located 18 inches (457 mm) above roof level or 3 feet (914 
mm) above a flat roof where heavy snowfall is anticipated. 


Exceptions: 


(1) These dimensions may be reduced if it is demon- 
strated by the submission of details and calculations 
that location of intakes with respect to exhausts and 
their orientation, or the use of special filters, pro- 
vides equal performance. 


(2) The requirements regarding the bottom of outdoor 
air intakes and installation through the roof do not 
apply to skilled nursing facilities, intermediate-care 
facilities or nonsensitive areas in correctional treat- 
ment centers. 


407.2.2 Exhaust Outlets. Exhaust outlets shall be 
located a minimum of 10 feet (3048 mm) above adjoining 
grade and 10 feet (3048 mm) from doors, occupied areas, 
and operable windows. 


Exception: Airborne infection isolation rooms shall 
comply with Section 414.1. 


407.3 Air Balance. 


407.3.1 The ventilation systems shall be designed and 
balanced to provide the general air balance relationship 
to adjacent areas, shown in Table 4-A. The ventilation 
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systems shall be balanced in accordance with the latest 
edition of standards published by the Associated Air Bal- 
ance Council (AABC), the National Environmental Bal- 
ancing Bureau (NEBB), or the Testing, Adjusting and 
Balancing Bureau (TABB). 


407.4 Air Circulation. 


407.4.1 Design of the ventilation system shall provide air 
movement that is generally from clean to less clean areas. 


4074.1.1 Air supplied to operating rooms, cesarean 
operating rooms, cardiac catheterization labs, cys- 
toscopy rooms, delivery rooms, and nurseries shall 
be delivered at or near the ceiling of the area served. 
In these areas and in morgues and autopsy rooms all 
air removed from the area shall be removed near 
floor level. Exhaust or recirculation inlets shall be 
located not less than 3 inches (76 mm) nor more than 
8 inches (203 mm) above the finished floor, except in 
morgues and autopsy rooms where all of the exhaust 
air is removed through an autopsy table designed for 
this purpose. At least two exhaust or recirculation air 
inlets of equal capacity shall be used in all cardiac 
catheterization labs, cystoscopy rooms, operating 
rooms, and delivery rooms and shall be located not 
less than 3 inches (76 mm) nor more than 8 inches 
(203 mm) above the finished floor. 


Exception: For airborne infection isolation rooms 
and protective environment rooms, see Sections 
414.0 and 415.0. 


407.4.1.2 Room supply air outlets and room recir- 
culation and exhaust air inlets installed in nonsensi- 
tive areas shall be located not less than 3 inches (76 
mm) above the floor. 


Exception: For airborne infection isolation rooms 
and protective environment rooms, see Sections 
414.0 and 415.0. 


407.4.1.3 Corridors shall not be used to convey sup- 
ply, return, transfer or exhaust air to or from any 
room if the corridor is required to be fire resistive 
construction per the California Building Code. 


Exceptions: 


(1) Mechanically exhausted toilet rooms of 50 
square feet (4.7 m?) or less and small rooms of 
30 square feet (2.79 m7) or less such as janitor 
closets, housekeeping rooms, and electrical or 
telephone closets opening directly onto corridor. 


(2) Air transfer caused by pressure differentials in 
rooms required to have a positive or negative 
air balance by Table 4-A. 


407.4.1.4 No space above a ceiling may be utilized 
as an outside-air, relief-air, supply-air, exhaust-air, 
or return-air plenum. 

Exception: Designs specifically approved by the 
enforcing agency. 

407.4.1.5 Air from a patient room, exam room, treat- 
ment room shall not be transferred to another simi- 


lar room without first having passed through air 
filters as required by Table 4-B or Table 4-C. 
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407.4.1.6 Supply outlets and return and exhaust air 
inlets shall be located to prevent short-circuiting. 


4074.1.7 Recirculating Room Units. For spaces 
where Table 4-A permits air to be recirculated by 
room units, the portion of the minimum total air 
changes per hour required for a space that is greater 
than the minimum outdoor air changes per hour 
required component may be provided by recirculat- 
ing room HVAC units. Such recirculating room 
HVAC units shall: 


(1) not receive nonfiltered, nonconditioned outdoor 
air; 

(2) serve only a single space; and 

(3) provide filtration per Section 408.2 and Section 
408.3 for airflow passing over any surface that is 
designed to condense water. This filter shall be 
located upstream of any such cold surface, so that 
all of the air passing over the cold surface is fil- 
tered. 


407.5 Variable Air Volume. 


4075.1 Variable Air Volume Systems (VAV). Variable 
air volume systems subjecting the patient to a fluctuating 
air movement are not acceptable for airborne infection 
isolation rooms, protective environment rooms or those 
critically sensitive areas listed in Section 322.0. For non- 
sensitive areas, variable air volume systems meeting the 


following criteria can be considered: 


407.5.1.1 The VAV system shall comply with code 
requirements for outside air, total air, and pressure 
relationship through the full range of operation from 
minimum to maximum. 


407.5.1.2 The central return or exhaust fan shall be 
controlled to accomplish the variable air volume 


requirements of the individual rooms served by the 
fan as described in Section 407.5.1.3. 


407.5.1.3 Spaces with pressure requirements per 
Table 4-A shall utilize an automatic modulating 
damper in the return or exhaust air for each space. 
The damper will modulate from full open to minimum 
position in conjunction with the supply air VAV ter- 
minal equipment. 


407.6 Economizers. Systems with economizers shall include 
modulating relief and/or return fans to ensure compliance with 
the pressure requirements of spaces listed in Table 4-A. 


408.0 Filters. [OSHPD 1, 1R, 2, 3, 4 & 5] 


408.1 General. Filter efficiencies shall be certified by the 
manufacturer and shall be based on ASHRAE 52.2 Method of 
Testing General Ventilation Air-Cleaning Devices for Removal 
Efficiency by Particle Size when specifically set forth in these 
standards. 
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408.1.1 A filter gauge shall be installed across each fil- 
ter bank serving central air systems. The gauge shall be 
red lined or a filter alarm light installed to signal when 
the recommended maximum static pressure drop has 
been reached. 


408.1.2 Central air-handling systems are defined as any 
unit requiring duct work on the supply or inlet side that 
serve more than one room. 


408.1.3 Filter banks shall be visually inspected for torn 
media and bypass in filter frames by means of a flashlight 
or equivalent, both with fans in operation and stopped. 
Tears in media and bypass in filter frames shall be elim- 
inated in accordance with the manufacturer § directions 
and the requirements of the enforcing agency prior to 
commencing operation of the system. 


408.1.4 Central air-handling systems shall be maintained 
in a reasonably clean condition during construction and 
shall be cleaned as necessary prior to replacement of tem- 
porary filter used during construction to ensure that clean 
air will be delivered to the occupied spaces. 


408.1.5 Filter bank No. 1 shall be located upstream of 
the air-conditioning equipment. Filter bank No. 2 and 
filter bank No. 3 shall be located downstream of the sup- 
ply fan and all cooling and humidification equipment 
with efficiencies as indicated in Table 4-B or Table 4-C. 


Exception: Dry steam-type humidifiers for local room 
humidity control may be installed in the supply air duct 
downstream of the final filter bank where designs are 
specifically approved by the enforcing agency. Dry steam 
is that which is defined in the ASHRAE HVAC Systems 
and Equipment Handbook. 


408.1.6 Filter bank No. 2 and filter bank No. 3 media 
shall be rigid or supported (noncollapsing type) and 
shall operate on the principles of impingement, strain- 
ing, and diffusion. 


408.2 Filters for Hospitals. 


408.2.1 All air-ventilation systems shall comply with 
code requirements of this section and shall have filter 
bank efficiencies as listed in Table 4-B. 


408.2.2 Noncentral recirculating air systems providing 
cooling to high heat producing equipment located in non- 
sensitive areas shall have a filter with minimum efficiency 
reporting value (MERV) of 6 based on ASHRAE 52.2. 


408.2.3 Noncentral air systems serving any areas not 
listed in Table 4-B shall have a filter with minimum effi- 
ciency reporting value (MERV) of 6 based on ASHRAE 
D2 Mey 


408.2.4 Noncentral recirculating air handling systems, 

for example, through-the-wall units, fan coil units, and 
heat pumps may be utilized for single patient rooms of 
one or more beds. Filtration for these units shall have a 
filter with minimum efficiency reporting value (MERV) of 
6, based on ASHRAE 52.2. The air ventilation system pro- 

viding the minimum air changes of outdoor air shall com- 

ply with Table 4-B. These units may be used as 

recirculating units only. All outdoor air requirements shall 
be met by a separate central air handling system. 


408.3 Filters for Skilled Nursing Facilities, Intermedi- 
ate Care Facilities, and Correctional Treatment Centers. 


408.3.1 The air ventilation systems shall comply with 
code requirements of this section for skilled nursing facil- 
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ities, intermediate care facilities and correctional treat- 
ment centers and shall have filter bank efficiencies as 
listed in Table 4-C. 


408.3.2 Noncentral air systems serving single patient 
rooms of one or more beds shall comply with Table 4-C. 


408.3.3 Noncentral recirculating air-handling systems, 
i.e. through the wall units, may be utilized for each patient 
room with one or more beds. Filtration for these units shall 
have a filter with minimum efficiency reporting value 
(MERV) of 6, based on ASHRAE 52.2. The air ventilation 
system providing the minimum air changes of outdoor air 
shall comply with Table 4-C. These units may be used as 
recirculating units only. All outdoor air requirements shall 
be met by a separate central air handling system. 


408.3.4 Airborne infection isolation rooms, protective 
environment rooms, and sensitive areas in correctional 
treatment centers shall comply with Section 408.2. 


408.4 Filters for Outpatient Facilities. 


408.4.1 The air ventilation systems shall comply with 
code requirements of this section for outpatient facilities 
and shall have filter bank efficiencies as listed in Table 
4-B. 

408.4.2 Noncentral air systems serving individual rooms 
shall comply with Table 4-B. 


409.0 Ducts. [OSHPD 1, 1R, 2, 3, 4 & 5] 


409.1 Ducts which penetrate construction, intended for X- 
ray or other radiation protection, shall not impair the effec- 
tiveness of the protection. 


409.2 Duct linings and their use shall meet the requirements 
of Chapter 6, California Mechanical Code. 


409.3 Insulation of Ducts. Cold air ducts shall be insu- 
lated wherever necessary or to prevent condensation. 


409.4 The anchorage and supporting structural elements for 
airducts shall be designed to withstand the lateral forces as 
required by the California Building Code, Title 24, Part 2. 


410.0 Laboratory Ventilating Systems and Hoods. 
[OSHPD 1, 1R, 2, 3, 4 & 5] 
410.1 Laboratory Ventilating Systems. Laboratory ven- 


tilating systems shall comply with NFPA 99, as required by 
Section 1224.4.6.4 of the California Building Code. 


410.2 Exhaust Hoods and Safety Cabinets. Hoods and 
safety cabinets may be used for normal exhaust of a space pro- 
vided minimum air change rates are maintained. If air change 
standards in Table 4-A do not provide sufficient air for proper 
operation of exhaust hoods and safety cabinets (when in use), 
supplementary makeup air (filtered and preheated) shall be 
provided around these units to maintain the required airflow 
direction and exhaust velocity. Makeup systems for hoods shall 
be arranged to minimize “short circuiting” of air and to avoid 
reduction in air velocity at the point of contaminant capture. 


410.3 Laboratory Fume Hoods. Laboratory fume hoods 
shall meet the following standards: 
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410.3.1 General Standard. Average face velocity 
shall be at least 75 feet per minute (0.38 meters per sec- 
ond). Exhaust system shall be separate from the build- 
ing exhaust system. Exhaust fan shall be located at the 
discharge end of the system. Exhaust duct system shall be 
of noncombustible corrosion-resistant material as 
required to meet the planned usage of the hood. 


410.3.2 Special Standards for Use with Strong 
Oxidants. Fume hoods and their associated equipment 
in the air stream intended for use with perchloric acid and 
other strong oxidants shall be constructed of stainless 
steel or other material consistent with special exposures. 
Hoods and equipment shall be provided with a water 
wash and drain system to permit periodic flushing of duct 
and hood. When perchloric acid or other strong oxidants 
are only transferred from one container to another, stan- 
dard laboratory fume hoods and the associated equip- 
ment may be used in lieu of stainless steel construction. 


410.3.3 Special Standards for Use with Infectious 
or Radioactive Materials. Each hood shall have a 
minimum face velocity of 90 to 110 feet per minute (0.45 
to 0.56 meters per second) with suitable pressure-inde- 
pendent air-modulating devices and alarms to alert staff 
of fan shutdown or loss of airflow. Each hood shall have 
filters with a 99.97 percent efficiency (based on the DOP 
test method) in the exhaust stream and be designed and 
equipped to permit the safe removal, disposal, and 
replacement of contaminated filters. Filters shall be as 
close to the hood as practical to minimize duct contam- 
ination. Fume hoods intended for use with radioactive 
isotopes shall be constructed of stainless steel or other 
material suitable for the particular exposure. 


411.0 Kitchen and Dining Areas. [OSHPD 1, 2, 3, 4 & 5] 


411.1 The air from dining areas may be used to ventilate the 
food preparation areas only after it has passed through a fil- 
ter with at least an 80 percent average efficiency based on 
ASHRAE 52.2 or a minimum efficiency reporting value 
(MERV) of 13, based on ASHRAE 52.2. 


Exception: For skilled nursing facilities, intermediate care 
facilities and correctional treatment centers, the air from dining 
area may be used to ventilate food preparation areas only after 
it has passed through a filter with a 50 percent average effi- 
ciency based on ASHRAE 52.2 or a minimum efficiency report- 
ing value (MERV) of 10, based on ASHRAE 52.2. 


412.0 Boiler, Mechanical, and Electrical Rooms. 
[OSHPD 1, 2, 3, 4 & 5] 

412.1 Boiler, heater and electrical equipment rooms shall be 
provided with outdoor air so as to maintain combustion rates 
of equipment and temperatures in the rooms and in adjoining 
areas as rated in this chapter. 


412.2 Floor surfaces in occupied spaces above such rooms 
should not exceed a temperature of 85°F (29.4°C), and suit- 
able insulation may be required. 
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413.0 Odorous Rooms. [OSHPD 1, 2, 3, 4 & 5] 


413.1 Rooms in areas where excessive heat or moisture is 
generated, where objectional odors or dust are present, or 
where flammable or toxic gases may accumulate, which are 
used by health facility personnel or patients, shall be pro- 
vided with exhaust ventilation to change the air a minimum of 
ten times per hour. 


413.2 Kitchen, morgues and laundries located inside a hos- 
pital building or skilled nursing facility in which patients are 
accommodated, or treated, shall be ventilated with exhaust 
systems which will provide a minimum of ten air changes per 
hour and prevent odors from entering patient areas. 


414.0 Airborne Infection Isolation Rooms. [OSHPD 
1,2,3,4 & 5] 

414.1 Exhaust Systems. 4 separate, dedicated exhaust 
system shall be provided for airborne infection isolation 
rooms. The dedicated system may serve more than one air- 
borne infection isolation room, adjoining toilet room and 
anteroom. The exhaust ducts shall be identified by appro- 
priate labeling with the words "Caution Airborne Infection 
Isolation Rooms Exhaust" or similar terminology. Such 
labeling shall be in a manner which is not readily removable 
and shall appear on the exhaust duct at intervals of not more 
than 20 feet (6096 mm) and at least once near each room 
and each story traversed by the exhaust system. Exhaust fans 
shall comply with Section 407.1.2. The discharge from 
exhaust fans shall be located above the roof and shall be 
located a minimum of 25 feet (7620 mm) from areas that may 
be occupied, doors, operable windows, outdoor air intakes, 
or other openings into the building. The exhaust fan dis- 
charge shall be labeled in a manner which readily identifies 
the precautions which should be observed. To ensure that the 
airborne contaminates do not reenter the building, one of the 
following shall be provided: 


414.1.1 Exhaust discharge from fan shall extend at least 
7 feet (2134 mm) above the roof and discharge vertically 
upward. Self-draining stacks or equivalent shall be used 

for rain protection. Rain caps which divert the exhaust 
toward the roof shall be prohibited. 


414.1.2 Exhaust shall discharge above roof level and 
through an accessible HEPA filter. The HEPA filter shall 
be located upstream of the exhaust fan and have a mini- 
mum efficiency of 99.97 percent based on the DOP 
method in accordance with Mil-Std. 282 or a minimum 
efficiency reporting value (MERV) of 17, based on 
ASHRAE 52.2. Filter gage shall be installed across the 
filter. For maintenance of air balance relationship, see 
Section 407.3.1. The 25-foot (7620 mm) dimension 
required by Section 414.1 may be reduced when a 99.97 
percent HEPA filter or a minimum efficiency reporting 
value (MERV) of 17, based on ASHRAE 52.2 is used and 
the reduced dimension is specifically approved by the 
enforcing agency. 

414.2 Air Distribution. The supply outlets and exhaust 

inlets shall be located to provide airflow patterns that pre- 

vent stagnation of the air and eliminate short circuiting of the 
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supply to the exhaust, and minimize exposure of health care 
workers to airborne infectious particles. Supply-air outlets 
shall be located at or near the ceiling and at the end of the 
airborne infection isolation room which is opposite the head 
of the bed. Exhaust registers shall be located on the wall 
behind the patient's head, or as close to that wall as practi- 
cal and shall be located not less than 3 inches (76 mm) nor 
more than 24 inches (610 mm) above the finished floor. 


Exception: For correctional treatment centers, the location 
and design of the supply outlets an exhaust or return inlets 
shall not compromise the safety, security and protection of 
staff, inmates and property. 


415.0 Protective Environment Rooms. [OSHPD 1, 2, 3, 
4&5] 


415.1 Air Distribution. The supply outlets and exhaust and 
return inlets shall be located to provide airflow patterns that 
prevent stagnation of the air and eliminate short circuiting of 
the supply to the exhaust or return. Supply air shall be deliv- 
ered at or near the ceiling and near the patient's bed. All 
exhaust or return registers shall be located near the entrance 
to the protective environment room and not less than 3 inches 
(76 mm) nor more than 8 inches (203 mm) above the finished 


floor. 


Exception: For correctional treatment centers, the location 
and design of the supply outlets and exhaust or return inlets 
shall not compromise the safety, security, and protection of 
staff, inmates and property. 


416.0 Alarms — Airborne Infection Isolation Rooms 
and Protective Environment Rooms. [OSHPD 1, 2, 3, 4 
& 5] 


416.1 An alarm system which is based on static pressure con- 
trol, volumetric control, or directional flow measurement shall 
be provided for each isolation room. The alarm system shall 
consist of a display monitor located on the corridor wall near 
the door to the room and a visual and audible alarm which 
annunciates at the room and at a nurses' station or other suit- 
able location that will provide responsible surveillance. A time 
delay shall be provided to allow for routine openings of doors. 
The alarm shall annunciate when the supply, return, or 
exhaust fans are interrupted or when the minimum required 
pressure differential per ASHRAE 170 between the airborne 
infection isolation room and corridor or between the protec- 
tive environment room and corridor is not being met during 
closed door conditions. 


416.2 Other acceptable alarm systems will be allowed when 
designs are specifically approved by the enforcing agency. 
416.3 [For OSHPD 4] For correctional treatment centers, 


the alarm system shall not create false alarms or security haz- 
ards. 


416.4 Prior to acceptance of the rooms, the alarm system 
shall be tested and operated to demonstrate to the owner or 
designated representative that the installation and perform- 
ance of the system conforms to design intent. 
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417.0 Testing and Balancing Airborne Infection Isola- 
tion Rooms and Protective Environment Rooms. 
[OSHPD 1, 2, 3, 4 & 5] Prior to acceptance of the rooms, all 
mechanical systems shall be tested, balanced, and operated 
to demonstrate to the owner or designated representative that 
the installation and performance of the systems conform to 
design intent. All testing and balancing shall be performed by 
a qualified independent agency certified by the Associated Air 
Balance Council (AABC): the National Environmental Bal- 
ancing Bureau (NEBB); or the Testing, Adjusting and Bal- 
ancing Bureau (TABB). 


418.0 Design Requirements for Ethylene Oxide (ETO) 
Sterilization Areas. [OSHPD 1, 1R, 2, 3, 4 & 5] 


418.1 Air Changes. The ETO sterilization equipment room 
shall be provided with minimum air changes per hour per Table 
4-A and be maintained at a negative air balance. 


418.2 Exhaust Requirements. 


418.2.1 All air from the ETO sterilizer equipment room 
shall be exhausted to the outside by a dedicated system or 
other approved method. 


418.2.2 The exhaust fan for the dedicated system shall be 
located at the discharge point of the system and identified 
as ETO Equipment Room Exhaust. 


418.2.3 Discharge Point. The discharge point shall be 
a minimum of 25 feet (7620 mm) away from any outside 
intake, operable window or personnel passage. 


418.3 Ventilation Requirements. 


418.3.1 Aeration Units. The aeration units shall be ven- 
tilated through a nonrecirculating dedicated ventilation 
exhaust system. 


418.3.2 Capture Box. When the drain is not located in 
the ETO sterilizer equipment room, ventilation is required 
by a capture box. 


418.3.3 Cylinder Change. When not located in the ETO 
sterilizer equipment room, exhaust during cylinder change 
is required by installing a hood that is part of a dedicated 
ventilation exhaust system, positioned no more than 1 foot 
(305 mm) above or behind the point where the change of 
cylinders takes place. 


418.3.4 Sterilizer Relief Valve. The ventilation of ster- 
ilizer relief valve is required through a pipe connected to 
the outlet of the relief valve exhausted directly to the out- 
doors at a point high enough to be away from passers by, 
and not near any windows that open, nor near any air- 
conditioning or ventilation air intakes. 


418.3.5 Ventilation of Sterilizer Door Area. The sys- 
tem shall be designed to capture the ETO when the door is 
opened following the completion of the sterilization 
process. A hood or canopy closed on each end should be 
installed over the sterilization door. A hood or canopy shall 
be connected to a dedicated exhaust ventilation system. 


418.4 Gas Valves. Installation of gas line hand valves at the 
connection to the supply cylinders are required to minimize 
leakage during cylinder change. 
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418.5 Alarm Systems. An Audible and visual alarm system 
shall be installed to alert sterilizer operating personnel if the 
air flow falls below design cubic feet per minute (L/s). 


419.0 Neonatal Intensive Care Units. [OSHPD 1] 


419.1 Formula Preparation Area. Air shall be supplied 
over the formulation preparation area by group E, nonaspi- 
rating supply diffusers. Air shall be returned or exhausted by 
registers located not less than 3 inches (76 mm) nor more 
than 8 inches (203 mm) above the finished floor in the 
cleanup area. 


419.2 Treatment Area/Room. Air shall be supplied over 
the treatment surface by group E, nonaspirating supply dif- 
Jusers. Air shall be returned or exhausted by registers located 
not less than 3 inches (76 mm) nor more than 8 inches (203 
mm) above the finished floor, adjacent to the treatment sur- 


face. 


420.0 Air Distribution Devices. [OSHPD 1, 2, 3, 4 & 5] 
All air distribution devices and supply air outlets shall meet 
the requirements of ASHRAE 170-2013, Section 6.7.2 and 
Table 6.7.2. 
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TABLE 4-A @ 
PRESSURE RELATIONSHIP AND VENTILATION REQUIREMENTS FOR GENERAL ACUTE CARE : 
HOSPITALS, SKILLED NURSING FACILITIES, INTERMEDIATE CARE FACILITIES, CORRECTIONAL 
TREATMENT CENTERS, OUTPATIENT FACILITIES, AND LICENSED CLINICS 


] i AIR 
FUNCTION OR SPACE RELATIONSHIP OUTDOOR | TOTAL: “EXHAUSTED. SEY MEANS [RELATIVE TEMPERATURE 
ACH ACH -, | OF ROOM UNITS (kK), (I),°F/°C 
AREAS (f) (n) OUTDOORS (j) (a) % 

| Airborne infection isolation k (c) ' NR 10 Yes No NR NR 

anteroom (u) 

Harborne Infection ssAlation Negative 2 12 Yes No max 60 | 70-75/21-24 

room (u) 

Airborne infection isolation | : Nawetie > D Yes No | NR NR 
| treatment/exam room 

Angiography room Positive 3 15 NR NR max 60 70-75/21-24 
‘Bathingroo — | Negative | NR 10 Yess No | NR 70-75/21-24 
‘Bathroom tit Negative NR 10 Yes No NR 72-78/22-26 
‘Bedpan room ‘ Negative NR 10 ves No NR NR 
Blood bank/tissue storage | NR Zs 6 NR NR NR NR 
‘Blood draw/phlebotomy NR ox ant lye ay ae NR NR leis se we NR 
/ Bronchoscopy, sputum | | 

collection, and pentamidine Negative Z 12 | Yes No NR 68-73/20-23 
‘administration (n) _ 7 | 

Cardiac catheterization lab Positive 3 vb} NR No max 60 70-75/21-24 
Clean linen storage Positive NR 2 NR NR NR 72-78/22-26 
Ret pee patdoche ysl am diet Positive 2 4 NR No max 60 | 72-78/22-26 
(Clean workroom or clean hold- Positive > 4 NR NR NR NR & 
ing (support) 
‘Critical and intensive care’ yin: oye or NR No 30-60 70-75/21-24 
CT Scan " lh oheNR lacie cd i NR NR max 60 NR 
‘Darkroom (g) l ha lal , Negative 2 io Yes No NR | NR 

nee te rip ine wea es Positive 4 20 NR No 20-60 | 68-75/20-24 
Dialysis treatment area NR 2 6 NR NR NR 72-78/22-26 
'Dialyzer reprocessing room _ Negative NR 10 Yes No NR NR 
‘Dietary Storage! 34 wim) above ihe meaNR NR 2 NR No NR 72-78/22-26 
wig aiats therapy pro- P 3 15 NR NR NR NR 

es rip tebe NR 2 6 NR NR max 60 | 70-75/21-24 
exam/ treatment room (p) | | 

Endoscope cleaning Negative 2 10 Yes No NR NR 
ER decontamination Negative 2 12 Ses No NR NR 
‘ER waiting rooms Negative 2 2 Yes (q) NR max 65 70-75/21-24 
‘Examination room NR 2 6. eee, NR max 60 70-75/21-24 
‘Fast track room NR 2 6 NR NR NR NR 
LF, luoroscopy room Negative 2 6 Yes No NR NR 
Food preparation center (i) NR 2 10 NR | No NR 72-78/22-26 
| Gastrointestinal endoscopy pro- NR ) 6 NR No 20-60 68-73/20-23 
cedure room (x) 
Hazardous material storage Negative 2 10 Yes No NR NR 
‘Hydrotherapy | Negative 2 6 NR NR | NR 72-80/22-27 
‘Infusion room | Positive 2 6 NR NR | NR | NR ®& 
Intermediate care (s) NR eee ae NR | NR | max 60 | 70-75/21-24 
| bs rats RUE ide ng Positive 5 15 NR NR NR NR 
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TABLE 4-A (continued) 
PRESSURE RELATIONSHIP AND VENTILATION REQUIREMENTS FOR GENERAL ACUTE CARE 
HOSPITALS, SKILLED NURSING FACILITIES, INTERMEDIATE CARE FACILITIES, CORRECTIONAL 


VENTILATION AIR 


“a AIR . 
PRESSURE ALL ROOM AIR DESIGN 
FUNCTION OR SPACE RELATIONSHIP | OlrpooR | TOTAL, | EXHAUSTED | PHEW ee | RELATIVE | seqpERATURE 
TO ADJACENT DIRECTLY TO HUMIDITY(k) 
ACH ACH -, | OF ROOM UNITS : (I),°F/°C 
AREAS (f) (n) OUTDOORS (j) (a) % : 
IV Prep. room Positive ey 6 NR NR NB vs bel NR 
Janitor’s closet, housekeeping Negative NR 10 Yes No NR NR- | 
re pal oly UPeOveece NR 2 6 NR NR max 60 | 70-75/21-24 
Labor/delivery/recovery/ 
SOR ere NR 2 6 NR NR max 60 70-75/21-24 
Laboratory, bacteriology (v) Negative 2 6 Yes NR NR 70-75/21-24 
Laboratory, biochemistry (v) Negative 2 6 Nes NR NR 70-75/21-24 
Laboratory, cytology (v) Negative 2. 6 Yes NR NR 70-75/21-24 
Laboratory, general (v) Negative 2 6 NR NR NR 70-75/21-24 
Laboratory, glasswashing Negative 2 10 ces NR NR NRGH 
Laboratory, histology (v) Negative v) 6 Yes NR NR 70-75/21-24 
or tet ee AG haa nee Negative 2 6 Yes NR NR 70-75/21-24 
and virus 
Laboratory, media transfer (v) Positive 2 + NR NR NR | 70-75/21-24 
Laboratory, microbiology (v) Negative Z 6 cs NR NR 70-75/21-24 
Laboratory, nuclear medicine (v)| Negative p} 6 Yes NR NR 70-75/21-24 
Laboratory, pathology (v) Negative p} 6 Yes NR NR 70-75/21-24 
Laboratory, serology (v) Negative 2 6 Yes NR NR 70-75/21-24 
Laboratory, sterilizing Negative 2 10 Yes NR NR 70-75/21-24 
Lactation NR vy) 6 NR NR NR NR 
Laser eye room Positive 3 15 NR No 20-60 70-75/21-24 
Laundry, general Negative 2 10 Yes No NR NR 
Linen and trash chute room Negative NR 10 Yes No NR NR 
A oes ig Negative NR 8 Yes NR NR NR 
storage (r) 
Medication room NR ae 4 NR NR max 60 | 70-75/21-24 
Morgues and autopsy room (n) Negative Z 12 Yes No NR 68-75/20-24 
MRI room NR “ 6 NR NR NR NR 
Negative-pressure x-ray room Negative Ps 12 Yes No max 60 72-78/22-26 
Newborn intensive care Positive - 6 NR No 30-60 72-78/22-26 
Newborn intensive care P > 10 NR No NR NR 
ormula room 
ma dyonsteopt NR 7 6 NR No 30-60 | 72-78/22-26 
Hee aed hae geet Negative NR 10 Yes No NR 10-75/21-24 
room (h) >oq 
Nourishment area or room ~ NR NR 2 NR NR NR NR 
Nuclear medicine (\ Gamma, nea eH 
PET, SPECT) Negative z 6 Yes No NR NR 
Nuclear medicine hot lab Negative NR 6 Yes No NR 10-75/21-24 _ 
SE pa a Negative 2 6 Yes NR NR 70-75/21-24 
room be 
Nurse station (aa) (aa) (aa) v4 (aa) (aa) (aa) (aa) 
Observation NR 2 6 NR NR NR 70-75/21-24 
Occupational therapy NR 2 6 NR NR NR 70-75/21-24 
Operatine nasi hylan Positive 4 20 NR No 20-60 68-75/20-24 
operating room (m), (n), (0) 
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PRESSURE RELATIONSHIP AND VENTILATION REQUIREMENTS FOR GENERAL ACUTE CARE 
HOSPITALS, SKILLED NURSING FACILITIES, INTERMEDIATE CARE FACILITIES, CORRECTIONAL 
TREATMENT CENTERS, OUTPATIENT FACILITIES, AND LICENSED CLINICS 


TABLE 4-A (continued) © 


an + c AIR a” 
PRESSURE ALL ROOM AIR DESIGN 
RELATIONSHIP MINIMUM | MINIMUM EXHAUSTED RECIRCULATED RELATIVE DESIGN 
FUNCTION OR SPACE TO ADJACENT OUTDOOR TOTAL DIRECTLY TO BY MEANS HUMIDITY(k TEMPERATURE 
ACH ACH ) | OF ROOM UNITS (K), | (,°F°C 
_ AREAS (f)(n) OUTDOORS (j) (a) % , 
Se ee eee aR re 4 20 NR No 20-60 | 68-75/20-24 
room (m), (1), (0) 
Patient corridor NR NR Zz | NR NR NR NR 
Patient holding preparation NR 2 6 NR No NR NR 
Patient room NRT Z 4 (y) NR NR max 60 70-75/21-24 
Pediatric play area NR | 74 6 | NR NR NR NR 
Pharmacy (b) Positive yi 4 NR NR NR NR 
Drug room NR 2 4 NR NR NR NR 
HD ante room (b) Positive NR NR NR NR <60 | <68/<20 
HD buffer room (b) Negative NR 30 Yes No <60 | <68/<20 
ED eeteHieg Negative NR 12 Yes NR NR NR 
compounding area (ab) 
HAD storage (b) Negative NR 12 Yes NR NR NR 
Non-HD ante room (b) Positive NR wo. NR NR <60 <68/<20 
Non-HD buffer room (6) Positive NR 30 NR No <60 <68/<20 
sensei iS NR NR NR NR NR NR NR 
compounding area 
5 7 e T 
Se BORNINSE NACH || NEB tie 2 6 NR NR NR 70-75/21-24 
Physical thapiby, (Hasnge ee abd 1” 5 it tise 2 6 NR NR max 65 | 72-80/22-27 
treatment) 
Post-anesthesia care unit | NR Z 6 Yes No | 20-60 70-75/21-24 
Pre-screening area Negative Z 12 Yes (q) NR NR NR 
Procedure room (0), (d) | Positive 3 15 NR No | 20-60 70-75/21-24 
Protective environment (e) NR 10 NR Na NR NR 
anteroom (t) | 
i cea snes said Positive 2 i) NR No max 60 | 70-75/21-24 
room (t) | | 
Radiology waiting rooms | Negative | Z 12 Yes (q), (w) NR max 60 70-75/21-24 
Recovery room NR 2 6 NR No 20-60 | 70-75/21-24 
Recreation/activity room NR 2 6 NR NR NR NR 
Resident gathering/activity/din- | NR 2 4 NR | NR NR --70-75/21-24 
ing (nursing facility) 
ernie ea NR 2 2 NR NR NR 70-75/21-24 
(nursing facility) 
Resident unit corridor NR NR 4 NR NR NR NR 
(nursing facility) 
Seclusion room NR Ne Wo 6 NR NR NR | NR 
Semi-restricted corridor | ADD Ee ol eel NR NR NR NR 
Shower room Negative NR 10 Yes No NR NR 
‘Soiled linen sorting and storage Negative NR 10 Yes No NR NR 
Soiled or decontamination room Negative 2 6 Yes No NR 72-78/22-26 
Soiled workroom or soiled hold- NEMERE 3 | | t8 vee No NR NR 
AE MAUD TO QTE ge joe = 
Special purpose room ee ht er et : x : 
(SNF & ICF only) NR 2 6 Yes NR NR NR 
Speech therapy/audiology room NR 2 6 NR NR NR NR 
Sterilestorage Positive 2 + NE) NR max 60 72-78/22-26 
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TABLE 4-A (continued) 
PRESSURE RELATIONSHIP AND VENTILATION REQUIREMENTS FOR GENERAL ACUTE CARE 
HOSPITALS, SKILLED NURSING FACILITIES, INTERMEDIATE CARE FACILITIES, CORRECTIONAL 


VENTILATION AIR 


AIR 
PRESSURE ALL ROOM AIR DESIGN 
FUNCTION OR SPACE RELATIONSHIP | Gurpoon | TOTAL, | EXHAUSTED | PEEVE ANS | RELATIVE | remperan 
TO ADJACENT DIRECTLY TO SOMO Th ae 
ACH ACH é OF ROOM UNITS H (I),°F/°C 
AREAS (f) (n) OUTDOORS (j) (a) % , 
Sterilizer equipment room Negative NR 10 Yes No NR NR 
Substerile service area NR w) 6 NR No NR NRiee 
Toilet room te eees Negative NR 10 Yes No NR. NR. 
an gui pean Positive 3 15 NR No 20-60 70-75/21-24 
(crisis or shock) (c) 
BGI ete NR 2 6 NR NR 20-60 | 70-75/21-24 
(surgery and critical care) (p) 
Treatment room (diagnostic and NR ) 6 NR NR mated 70-75/21-24 
treatment) (x) 
Triage Me hap Negative p3 12 Yes (q) NR max 60 70-75/21-24 | 
Ultrasound room NR Z 6 NR NR NR Rat 
Unsterile supply ARS + Z Y, NR NR NR aN | 
gi ha ad Negative 2 WP Yes No NR NR 
(nuclear medicine) 
Waiting area primary care clinic Negative 2 10 Yes(q) NR NR | NR 
| Warewashing #4, 0 Negative NR 10 Yes No NR | NR 
ee eee NR 2 6 NR No 40-60 | 70-75/21-24 
(burn unit) ; Reb bers 
Wher aheaeeam NR 2 6 NR NR max 60 | 72-78/22-26 
treatment) | 
ish spt Neneh MMPS SE AT 3 15 NR No max 60 | 70-75/21-24 
catheterization) 


Note: NR = No requirement 


Notes for Table 4-A: 


a. 
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Except where indicated by a “No” in this column, recirculating room HVAC units (with heating or cooling coils) are acceptable for providing that portion 
of the minimum total air changes per hour that is permitted by Section 407.4. 1.7. Because of the cleaning difficulty and potential for buildup of contamina- 
tion, recirculating room units shall not be used in areas marked “No.” Recirculating devices with HEPA filters shall be permitted in existing facilities as interim, 
supplemental environmental controls to meet requirements for the control of airborne infectious agents. The design of either portable or fixed systems should 
prevent stagnation and short circuiting of airflow. The design of such systems shall also allow for easy access for scheduled preventative maintenance and 
cleaning. 


. Additional air change, ISO class, continuous pressure monitoring and filtering requirements for compounding areas shall comply with California Board of 


Pharmacy regulations Title 16 §1735 & §1751, and USP <797> & <800>. Air supplied to the compounding buffer room and ante room must be introduced 
through 99.97% minimum HEPA filters located in the ceiling. At least 15 air changes per hour (ACPH) shall be provided to nonhazardous drug (non-HD) 
compounding buffer rooms through the ceiling. The HEPA filtered air from the PEC in the non-HD buffer room, when added to the HVAC-supplied HEPA- 
filtered air, shall increase the total HEPA-filtered ACPH to at least 30. If the PEC is used to meet the minimum total ACPH requirements, the PEC must not 
be turned off except for maintenance. All hazardous drug (HD) compounding areas and PECs shall be exhausted externally through 99.97% HEPA filtration. 
For both hazardous and non-hazardous compounding, minimum air changes shall be met under dynamic operating conditions as defined by USP. Returns 
and exhaust grilles shall be mounted low on the wall unless a visual smoke study demonstrates dilution of particles and sweeping out of particles from the 
entire room. One return/exhaust should be placed near the refrigerator compressor. Anteroom shall have a minimum pressure differential of +0.02 inches water 
column in relation to the adjacent, non-compounding spaces. Non-HD buffer room shall have a pressure differential of +0.02 to +0.05 inches water column 
in relation to the anteroom. HD buffer room shall have a pressure differential of -0.01 to -0.03 inches water column in relation to the anteroom. 


. The term ¢rauma room as used herein is a first-aid room and/or emergency room used for general initial treatment of accident victims. The operating room 


within the trauma center that is routinely used for emergency surgery is considered to be an operating room by this standard. 


. Pressure relationships need not be maintained when the room is unoccupied. 
. See Section 7.2 of ASHRAE 170 and its subsections for pressure-relationship requirements. 


For operating rooms, cardiac catheterization labs, angiography rooms, cystoscopy rooms, delivery rooms, cesarean operating rooms, newborn intensive care, 
and nurseries provide approximately 15% excess supply air to the room or a sufficient quantity of excess supply air to maintain an appropriate positive air 
balance based on the room tightness and number of doors. For all rooms not listed in this footnote or not listed in Section 322.0 requiring either a positive 
or negative air balance, provide approximately 10% differential cfm between supply and return/exhaust airflow but not less than 25 cfm differential shall be 
provided regardless of room size. Room function, size, and tightness may be considered when determining the differential airflow required. Where continuous 
directional control is not required, variations between supply cfm and return or exhaust cfm shall be minimized in accordance with Section 407.4.1.3. 


. All air need not be exhausted if darkroom equipment has a scavenging exhaust duct attached and meets ventilation standards regarding NIOSH, OSHA, and 


local employee exposure limits.” 3 
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A nonrefrigerated body-holding room is applicable only to facilities that do not perform autopsies on-site and use the space for short periods while waiting 
for the body to be transferred. 

Minimum total air changes per hour (ach) shall be that required to provide proper makeup air to kitchen exhaust systems as specified in ANSI/ASHRAE 
Standard 154.4 In some cases, excess exfiltration or infiltration to or from exit corridors compromises the exit corridor restrictions of NFPA 90A,° the pres- 
sure requirements of NFPA 96,° or the maximum defined in the table. During operation, a reduction to the number of air changes to any extent required for 
odor control shall be permitted when the space is not in use. (See FGI [2010] in Informative Appendix B.) 

In some areas with potential contamination and/or odor problems, exhaust air shall be discharged directly to the outdoors and not recirculated to other areas. 
Individual circumstances may require special consideration for air exhausted to the outdoors. To satisfy exhaust needs, constant replacement air from the out- 
doors is necessary when the system is in operation. 

The RH ranges listed are the minimum and/or maximum allowable at any point within the design temperature range required for that space. 

Systems shall be capable of maintaining the rooms within the range during normal operation. Lower or higher temperature shall be permitted when patients’ 
comfort and/or medical conditions require those conditions. 


. National Institute for Occupational Safety and Health (NIOSH) criteria documents regarding occupational exposure to waste anesthetic gases and vapors, and 


control of occupational exposure to nitrous oxide’ indicate a need for both local exhaust (scavenging) systems and general ventilation of the areas in which 
the respective gases are utilized. Refer to NFPA 99 for other requirements.® 

If pressure-monitoring device alarms are installed, allowances shall be made to prevent nuisance alarms. Short-term excursions from required pressure rela- 
tionships shall be allowed while doors are moving or temporarily open. Simple visual methods such as smoke trail, ball-in-tube, or flutterstrip shall be per- 
mitted for verification of airflow direction. 

Surgeons or surgical procedures may require room temperatures, ventilation rates, humidity ranges, and/or air distribution methods that exceed the minimum 
indicated ranges. 

Treatment rooms used for bronchoscopy shall be treated as bronchoscopy rooms. Treatment rooms used for procedures with nitrous oxide shall contain pro- 
visions for exhausting anesthetic waste gases. 

In a recirculating ventilation system, HEPA filters shall be permitted instead of exhausting the air from these spaces to the outdoors provided that the return 
air passes through the HEPA filters before it is introduced into any other spaces. The entire minimum total air changes per hour of recirculating airflow shall 
pass through HEPA filters. When these areas are open to larger, nonwaiting spaces, the exhaust air volume shall be calculated based on the seating area of the 
waiting area. (Note: The intent here is to not require the volume calculation to include a very large space [e.g., an atrium] just because a waiting area opens 
onto it.) 

See NFPA 99 for further requirements.* 

For intermediate care, labor/delivery/recovery rooms, and labor/delivery/recovery/postpartum rooms, four total ach shall be permitted when supplemental 
heating and/or cooling systems (radiant heating and cooling, baseboard heating, etc.) areused. 

The protective environment airflow design specifications protect the patient from common environmental airborne infectious microbes (i.e., Aspergillus 
spores). The anteroom shall have negative air pressure in relation to the protective environment room. A door louver, transfer grille, or other acceptable 
means may be provided to allow for airflow from the protective environment room to the anteroom. The protective environment room shall have positive- 
pressure in relation to the anteroom and adjoining toilet room. Recirculation HEPA filters shall be permitted to increase the equivalent room air exchanges; 
however, the outdoor air changes are still required. Constant-volume airflow is required for consistent ventilation for the protected environment. The pres- 
sure relationship to adjacent areas shall remain unchanged if the PE room is utilized as a normal patient room. Rooms with reversible airflow provisions for 
the purpose of switching between protective environment and AII functions shall not be permitted. 

The AII room described in this standard shall be used for isolating the airborne spread of infectious diseases, such as measles, varicella, or tuberculosis. The 
airborne infection isolation room shall have negative pressure in relation to the anteroom, and the adjoining toilet room shall have negative pressure in rela- 
tion to the airborne infection isolation room. Supplemental recirculating devices using HEPA filters shall be permitted in the AII room to increase the equiv- 
alent room air exchanges; however, the minimum outdoor air changes of Table 4-A are still required. AIJ rooms that are retrofitted from standard patient rooms 
from which it is impractical to exhaust directly outdoors may be recirculated with air from the AII room, provided that air first passes through a HEPA filter. 
When the All room is not utilized for airborne infection isolation, the pressure relationship to adjacent areas, when measured with the door closed, shall remain 
unchanged and the minimum total air change rate shall be 6 ach. Switching controls for reversible airflow provisions shall not be permitted. The anteroom 
shall have positive air pressure in relation to the airborne infection isolation room. A door louver, transfer grille, or other acceptable means may be provided 
to allow for airflow from the anteroom to the airborne infection isolation room. 

When required, appropriate hoods and exhaust devices for the removal of noxious gases or chemical vapors shall be provided in accordance with NFPA 99.° 


w. The requirement that all room air is exhausted directly to outdoors applies only to radiology waiting rooms programmed to hold patients who are waiting for 


Ze 
aa. 
ab. 
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chest x-rays for diagnosis of respiratory disease. 


. Ifthe planned space is designated in the organization’s operational plan to be utilized for both bronchoscopy and gastrointestinal endoscopy, the design param- 


eters for “bronchoscopy, sputum collection, and pentamidine administration” shall beused. 

For single-bed patient rooms using Group D diffusers, a minimum of six total ach shall be provided and calculated based on the volume from finished floor 
to 6 ft (1.83 m) above the floor. 

This table is based on Table 7.1 in ASHRAE 170, “Ventilation of Healthcare Facilities”, and is used with expressed written permission from ASHRAE. 
Nurse station pressure relationship and ventilation requirements shall match the area in which it is located. 

HD segregated compounding area shall have a differential pressure of -0.01 to -0.03 inches water column in relation to adjacent areas and a minimum of 
12 air changes per hour. 
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FILTER EFFICIENCIES FOR CENTRAL VENTILATION AND AIR-CONDITIONING SYSTEMS IN GENERAL ACUTE 
CARE HOSPITALS, ACUTE PSYCHIATRIC HOSPITALS, OUTPATIENT FACILITIES, AND LICENSED CLINICS' 


FILTER EFFICIENCY % FILTERBANK —sid 
MINIMUM NUMBER OF oo a oo a, ae 
AREA DESIGNATION FILTER BANKS _ (MINIMUM EFFICIENCY REPORTING VALUE MERV) 
No. 11 NO. 2! NO. 3! 
Orthopedic operating room, bone marrow trans- = ohiee aaah Sal poe 
ermal the 30% 90% 99.97%3 
plant operating room, organ transplant operating 3 
room, NICU formula preparation room, NICU treat- = oe Be Mery | 
(8) (14) (17) 
ment area/room 
30% 90% 99.97% | 
Protective environment rooms i, ———— — | 
ie poerveilB) on d4 ed 
Angiography; cardiac catheterization labs; operat- 
ing rooms; interventional imaging procedure 30% 90% oe 
rooms; delivery rooms nurseries; patient care, treat- 
ment, cystoscopy, cesarean operating room, diag- 2 ae : ay | Legunath.. 
nostic, and related areas; airborne infection 
isolation rooms; areas providing direct patient serv- 
ice or clean supplies such as sterile and cl 8) dy ite 
ipplies such as sterile and clean 
processes, and patient area corridors 
: | 30% OT Re Sy 
Laboratories 2 ze - 2 Siete aon 
i r Cn (as ae 
Administrative, med staff support areas, bulk stor- 30% — oe 
age, soiled holding areas, food preparation areas, 1 
public cafeterias, and laundries (8) ¥ Cs 2 nas _| 
Psychiatric hospitals intended for the care and 30% M2 a” | 
treatment of inpatients who do not require acute 1 : : i <s- 
medical services (8) eit ris 


Based on ASHRAE 52.2. 


RW Ne ™ 


Based on DOP test in accordance with MIL-STD-282 or based on ASHRAE 52.2. 
HEPA filters at air outlet or other locations when approved by the Authority Having Jurisdiction. 
HEPA filter located in the supply duct which serves the positive-pressure isolation room or rooms may serve more than one supply outlet and more than 


one positive-pressure isolation room. HEPA filter or a filter with minimum efficiency reporting value (MERV) of 17 installation shall be designed and 
equipped to permit safe removal, disposal and replacement of filters. 
> The numbers in parentheses represent MERV rating based on ASHRAE 52.2. 


TABLE 4-C 


FILTER EFFICIENCIES FOR CENTRAL VENTILATION AND AIR-CONDITIONING SYSTEMS IN SKILLED 


NURSING FACILITIES AND INTERMEDIATE CARE FACILITIES AND CORRECTIONAL TREATMENT CENTERS' 


FILTER EFFICIENCY % FILTER BANK | 
MINIMUM NUMBER OF ERV). | 
AREA DESIGNATION FILTER BANKS (MINIMUM EFFICIENCY sessed st MERV)" 7 
No. 1! NO. 2 / 
All areas for inpatient care, treatment and/or diagno- 30% 80% 
sis, and those areas providing direct service or clean- 2 nt a Aa ia aa 
ing supplies) (8) (13) | 
Administrative, bulk storage, soiled holding, laun- ] adeone 30% —» ~— Trees - 
dries and food prep areas (8) = | 
! Based on ASHRAE 52.2. 
2 Filters are not required for evaporative coolers serving laundries and food preparation areas. 
3 The numbers in parentheses represent MERV rating based on ASHRAE 52.2. 
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VENTILATION AIR 


TABLE 402.1 


MINIMUM VENTILATION RATES IN BREATHING ZONE"? 


[ASHRAE 62.1: TABLE 6.2.2.1] 


Note: Ventilation air supply requirements for occupancies regulated by the California Energy Commission are found in the California Energy Code. 
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PEOPLE OUTDOOR | AREAOUTDOOR | DEFAULT OCCUPANT 
OCCUPANCY CATEGORY‘ Air Rate Rp Air Rate R, DENSITY? AIR CLASS 
(CFM/person) (CFM/ft?) (people/1000 ft?) 
_ CORRECTIONAL FACILITIES “2 
_ Booking/waiting __ i>: 0.06 50 | ) 
_ Cell hx 5 0.12 pe, z 
Day room 5 0.06 30 1 
Guard stations > 0.06 | 15 1 
EDUCATIONAL FACILITIES 
Art classroom 10 0.18 I 20 2 
_ Classrooms (ages 5-8) 10 0.12 25 l 
Classrooms (age 9 plus) 10 Orly 6 1 
_Computerlab 10 0.12 25 1 
_ Daycare (through age 4) 10 0.18 | vi) a 
| Daycare sickroom _ 10 0.18 25 3 
Lecture classroom" | 15 0.06 65 1 
_ Lecture hall (fixed seats)? es 0.06 150 1 
| Media center. istaas 10 0.12 be i 
Multi-use assembly" es 0.06 100 1 
| Music/theater/dance" 10 0.06 35 1 
| Science laboratories 10 0.18 pe) 2 
| University/college laboratories 10 0.18 | 20 5, 
| Wood/metal shop _ ; 10 0.18 20 Zz 
FOOD AND BEVERAGE SERVICE 
| Bars, cocktail lounges as 0.18 100 2 
_Cafeteria/fast food dining _ 7.5 0.18 100 2 
Kitchen (cooking) () 0.12 20 os 
_ Restaurant dining rooms hs 0.18 70 2 
GENERAL _ 
Break rooms" 5 [ 0.06 25 1 
| Coffee stations” _ 5 0.06 20 1 
_ Conference/meeting" 5 0.06 50 1 
LC orridors" _ | 0.06 | ~ 1 
- Occupiable storage rooms for liquids or gels® 5 0.12 2 2 
HOTELS, MOTELS, RESORTS, DORMITORIES 
_ Barracks sleeping areas" 5 0.06 20 1 
Bedroom/living room" 5 0.06 10 1 
Laundry rooms, central 5 O12 10 Zz 
Laundry rooms within dwelling units 5 0.12 10 il 
Lobbies/pre-function" 7.5 0.06 [ 30 ‘oes 
_ Multipurpose assembly" 5 0.06 120 1 
_ OFFICE BUILDINGS 
Break Rooms © 5 @. 12 50 1 | 
Main entry lobbies" | | 5 0.06 10 1 
Occupiable storage rooms for dry materials | 5 0.06 2 1 
_ Office space" 5 0.06 5 1 
Reception areas" __ 5 0.06 | 30 1 
| Telephone/data entry 5 0.06 60 1 
_ MISCELLANEOUS SPACES 
| Bank or bank lobbies TS 0.06 15 1 
| Bank vaults/safe deposit! 5 0.06 5 2 
| Computer (not printing)? 0.06 4 1 
_ Freezer and refrigerated spaces (<50°F)° 10 = [ = [ y 
| General manufacturing (excludes heavy 10 0.18 7 3 
| industrial and processes using chemicals) | 5 be 
_ Pharmacy (prep. area) > 0.18 10 2 
| Photostudios é : Deg.) 7 10 | 1 
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TABLE 402.1 (continued) 


MINIMUM VENTILATION RATES IN BREATHING ZONE" 2 


[ASHRAE 62.1: TABLE 6.2.2.1] 


VENTILATION AIR 


PEOPLE OUTDOOR AREA OUTDOOR DEFAULT OCCUPANT 
OCCUPANCY CATEGORY‘ Air Rate Rp Air Rate R, DENSITY? aie 
(CFM/person) (CFM/t?) (people/1000 ft?) 

Shipping/receiving” al 10 0.12 2 | gee geil 
Sorting, packing, light assembly | Ae 2 0.12 f 2 
Telephone closets __ = = = va fs 
Transportation waiting" d: 7 hee 1! by 0.06 100 1 
Warehouses” 10 0.06 - [ 2 
PUBLIC ASSEMBLY SPACES 
Auditorium seating area zy 0.06 150 1 
Courtrooms" _ | = 0.06 70 1 
Legislative chambers : 3 0.06 50 1 
Libraries Y ae eS r 0.12 10 ; l 
Lobbies" 2 0.06 150 1 
Museums (children’s) ice O12 40 | l 
Museums/galleries® _ we aha cere cme = 0.06 40 1 
Places of religious worship 5 0.06 120 l 
RESIDENTIAL : c ; y 
Common corridors" _ ~ 0.06 - 1 

| Dwelling unit®®™ “ —§ , 0.06 See footnote‘ neg 
RETAIL ray a eo > SE AAP EP BE Se 
Sales (except as below) TS 0.12 13 jie 
Barber shop" oh) 0.06 2 Z 
Beauty and nail salons f] ae 20 ; is 0.12 Zo Z ; 
Coin-operated laundries ea 0.12 20 2 

Mall common areas" _ ens 0.06 40 ne 
Pet shops (animal areas) { ° DS erp 0.18 10 = Bie 1 = 
Supermarket" pe) 0.06 8 1 
SPORTS AND ENTERTAINMENT 
Bowling alley (seating) 10 0.12 40 1 

| Disco/dance floors" _ | 20, 0.06 (Od eo 
Gambling casinos a wee Oe. 120 l 
Game arcades aq mai 0.13%) 20 ia 

__Gym, sports arena (play area) _ Ee es a 0.18 7 . ay 
Health club/aerobics room 20 0.06 40 oe 
Health club/weight rooms _ ' eA!) 0.06 10 ee 
Spectator areas" 4 (fe mg 0.06 150 1 
Stages, studios* 10 0.06 70 rm 

| Swimming (pool & deck)* = | 0.48 — 2 


For SI units: 1 cubic foot per minute = 0.0283 m/min, 1 square foot = 0.0929 m? 


Notes: 
1 


This table applies to no-smoking areas. Rates for smoking-permitted spaces shall be determined using other methods. 


2 


(101 kPa) and an air temperature of 70°F (21°C). Rates shall be permitted to be adjusted for actual density. 


The default occupant density shall be used where actual occupant density is not known. 
Where the occupancy category for a proposed space or zone is not listed, the requirements for the listed occupancy category that is most similar in terms 


of occupant density, activities, and building construction shall be used. 


ITEM-SPECIFIC NOTES FOR TABLE 402.1 
* For high school and college libraries, the values shown for “Public Assembly Spaces — Libraries” shall be used. 


Rate may not be sufficient where stored materials include those having potentially harmful emissions. 
Rate does not allow for humidity control. “Deck area” refers to the area surrounding the pool that is capable of being wetted during pool use or when the 


pool is occupied. Deck area that is not expected to be wetted shall be designated as an occupancy category. 


vided. 


Rate does not include special exhaust for stage effects such as dry ice vapors and smoke. 
Where combustion equipment is intended to be used on the playing surface or in the space, additional dilution ventilation, source control, or both shall be pro- 


& Air from one residential dwelling shall not be recirculated or transferred to other spaces outside of that dwelling. 
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Volumetric airflow rates are based on dry air density of 0.075 pounds of dry air per cubic foot (Ibda/ft*) (1.201 kgda/m*) at a barometric pressure of | atm 


Default occupancy for dwelling units shall be two persons for studio and one-bedroom units, with one additional person for each additional bedroom. 


Ventilation air for this occupancy category shall be permitted to be reduced to zero where the space is in occupied-standby mode. 
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VENTILATION AIR 


TABLE 403.2.2 
ZONE AIR DISTRIBUTION EFFECTIVENESS? 2: 3: 4,5 
[ASHRAE 62.1: TABLE 6.2.2.2] 


AIR DISTRIBUTION CONFIGURATION 


Ceiling supply of cool air. 
Ceiling supply of warm air and floor return. 


iCetime supply of warm air 15°F or more above space temperature and ceiling return. 

Ceiling supply of warm air less than 15°F above space temperature and ceiling return provided that the 150 feet per | 1.08 
minute (fpm) supply air jet reaches to within 4.5 feet of floor level. 

| Floor supply of cool air and ceiling return provided that the vertical throw is more than 50 fpm at a height of 4.5 feet or 10 


more above the floor. 
Floor supply of cool air and ceiling return, provided low-velocity displacement ventilation achieves unidirectional flow 


and thermal stratification, or underfloor air distribution systems where the vertical throw is 50 fpm or less at a height of be 

4.5 feet above the floor. 

Floor supply of warm air and floor return. 1.0 

Floor supply of warm air and ceiling return. 0.7 | 
Makeup supply drawn in on the opposite side of the room from the exhaust, return, or both. 0.8 
Makeup supply drawn in near to the exhaust, return, or both locations. 0.5 | 
For SI units: °C = (°F-32)/1.8, 1 foot per minute = 0.005 m/s, | foot = 304.8 mm 

Notes: 


' “Cool air” is air cooler than space temperature. 


“Warm air” is air warmer than space temperature. 

“Ceiling supply” includes any point above the breathing zone. 

“Floor supply” includes any point below the breathing zone. 

As an alternative to using the above values, E, shall be permitted to be regarded as equal to air change effectiveness determined in accordance with ASHRAE 


nn - Ww is) 


129 for air distribution configurations except unidirectional flow. 
For lower velocity supply air, E, = 0.8 o 


an 
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TABLE 403.7 
MINIMUM EXHAUST RATES 
[ASHRAE 62.1: TABLE 6.5] 


VENTILATION AIR 


OCCUPANCY CATEGORY® EXHAUST RATE (CFM/unit) EXHAUST RATE (CFM/t?) AIR CLASS 
‘Arenasy r as - 0.50 l ri 
|Artclassrooms ale - 0.70 a F ¥4 dem 
Auto repairrooms! sealit 1.50 LES 
pavepsiiopne Copia abl | gn ct BE foe Gaia Be. 
Bathirgarkibiive ayes 09 ig 20/50 oe i aia ie 
Beauty and nail salons f Ti 0.60 2 
Cells with toilet = 1.00 j i fea eS 
Copy, printing rooms _ 0.50 2 
Darkrooms «ts ane | _ 1.00 Z 
Educational science laboratories _ a - . zii08. IE 2 : me 
ve closets, trash rooms, recy : 1.00 3 
Kitchens — commercial ; - 0.70 inc Aa babe . ; 
Kitchenettes Rie Leal She ; t2 0.30 7 , | 
Locker rooms for athletic, indus- : ah | cic ee, 
trial and health care facilities 4 i ia 
Other locker rooms: — 0.25. : 2 ; : 
Shower rooms’!° 20/50 “ b, 
Paint spray booths — mie ; 4 ra 
Parking garages> _ — 0.75 ye 
Pet shops (animal areas) : = 0.90 2 : 
Refrigerating machinery rooms® = - 3 
Residential — kitchens’ 50/100 = 2 
Soiled laundry storage rooms i 5 = 1.00 ei “= ; 
‘Storage rooms, chemical ? ‘es = 1.50. Pr 4 as f | 
Toilets — private>?_ 25/50 = Z 
Toilets — public? we ws 50/70 She. ; 2 | 
Woodwork shop/classrooms u - 0.50 a 


For SI units: 1 cubic foot per minute = 0.0283 m*nin, | square foot = 0.0929 m? 


Notes: 


& WwW NHN 


otherwise. 


permitted to be used. Otherwise the higher rate shall be used. 


sity and occupancy type shall be used. 
9 


'0 Rate is per shower head. 


"’ [HCD 1 & HCD 2] A bathroom is any room containing a bathtub, a shower, a spa, or a similar source of moisture. 


For refrigeration machinery rooms, the exhaust rate shall comply with Chapter 11. 


!2 THCD 1 & HCD 2] ANSI/ASHRAE 62.2: Tables 5.1 and 5.2. 
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For continuous system operation, the lower rates shall be permitted. Otherwise the higher rate shall be used. 


Exhaust air that has been cleaned in accordance with the criteria of Class 1 shall be permitted to be recirculated. 


Exhaust shall not be required where two or more sides comprise walls that are at least 50 percent open to the outside. 


Stands where engines are run shall have exhaust systems that directly connect to the engine exhaust and prevent escape of fumes. 


Where combustion equipment is intended to be used on the playing surface, additional dilution ventilation, source control, or both shall be provided. 
Rate is per water closet, urinal, or both. Provide the higher rate where periods of heavy use are expected to occur. The lower rate shall be permitted to be used 


Rate is for a toilet room intended to be occupied by one person at a time. For continuous system operation during normal hours of use, the lower rate shall be 


For unlisted occupancies for a proposed space not listed in the table, the requirements for the listed occupancy that is most similar in terms of occupant den- 
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CALIFORNIA MECHANICAL CODE — MATRIX ADOPTION TABLE 
CHAPTER 5 — EXHAUST SYSTEMS 
(Matrix Adoption Tables are non-regulatory, intended only as an aid to the code user. See Chapter 1 for state agency authority and building applications.) 


Adopting Agency 


BSC 


BSC- 
CG 


SFM 


f ie 


DSA 


SS SS/CC 


1R 


OSHPD 


2 


3 


BSCC 


DPH | AGR 


DWR 


CEC CA 


SL 


Adopt Entire Chapter 


4 


xX 


Adopt Entire Chapter as 
amended (amended sections 
listed below) 


SLC 


Adopt only those sections 
that are listed below 


Chapter/Section 


504.1.1 
505.12 
505.12.1 
507.7 
SOSiow: | 
0d. 2orialn 
509.2.3.4 
511.1.6 | 
5075 
rem 
513.2.2 Exception 2 
513.3.5 

513.10 

513.10.1. 

D102.) Exception 


516.2.9(4) 


* 


| 4] 4) bd) be 


Ix 


D4 dd) bd) Dd bd) Oe 


Tx 


KKK KO 


This state agency does not adopt sections identified with the following symbol: i 


The Office of the State Fire Marshal's adoption of this chapter or individual sections is applicable to structures regulated by other state agencies pursuant to 


Section 1.11.0. 
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CHAPTER 5 
EXHAUST SYSTEMS 


501.0 General. 


501.1 Applicability. This chapter includes requirements for 
environmental air ducts, product-conveying systems, and 
commercial hoods and kitchen ventilation. Part I addresses 
environmental air ducts and product conveying systems. Part 
II addresses commercial hoods and kitchen ventilation. 


502.0 Termination. 


502.1 Exhaust Opening Protection. Exhaust openings 
terminating to the outdoors shall be covered with a corrosion- 
resistant screen having not less than '4 of an inch (6.4 mm) 
openings, and shall have not more than 2 of an inch (12.7 
mm) openings. 

Exception: Clothes dryers. 


502.2 Termination of Exhaust Ducts. Exhaust ducts 
shall terminate in accordance with Section 502.2.1 through 
Section 502.2.3. 


502.2.1 Environmental Air Ducts. Environmental air 
duct exhaust shall terminate not less than 3 feet (914 mm) 
from a property line, 10 feet (3048 mm) from a forced 
air inlet, 10 feet (3048 mm) above a public walkway, and 
3 feet (914 mm) from openings into the building. The 
discharge of environmental exhaust ducts shall not be 
directed onto a public walkway. 


502.2.2 Product Conveying Ducts. Ducts convey- 
ing explosive or flammable vapors, fumes, or dusts shall 
terminate not less than 30 feet (9144 mm) from a prop- 
erty line, 10 feet (3048 mm) from openings into the 
building, 6 feet (1829 mm) from exterior walls or roofs, 
30 feet (9144 mm) from combustible walls or openings 
into the building that are in the direction of the exhaust 
discharge, and 10 feet (3048 mm) above adjoining grade. 


Other product-conveying outlets shall terminate not 
less than 10 feet (3048 mm) from a property line, 3 feet 
(914 mm) from exterior walls or roofs, 10 feet (3048 
mm) from openings into the building, and 10 feet (3048 
mm) above adjoining grade. 


502.2.3 Commercial Kitchen Ducts. Commercial 
kitchens exhaust ducts shall terminate in accordance with 
Section 510.9 or Section 519.5. 


Part | — Environmental Air Ducts and 
Product-Conveying Systems. 


503.0 Motors, Fans, and Filters. 


503.1 General. Motors and fans shall be sized to provide 
the required air movement. Motors in areas that contain flam- 
mable vapors or dusts shall be of a type approved for such 
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environments. A manually operated remote control installed 
at an approved location shall be provided to shut off fans or 
blowers in flammable vapor or dust systems. Equipment used 
in operations that generate explosive or flammable vapors, 
fumes, or dusts shall be interlocked with the ventilation sys- 
tem so that the equipment cannot be operated unless the ven- 
tilation fans are in operation. Motors for fans used to convey 
flammable vapors or dusts shall be located outside the duct or 
shall be protected with approved shields and dustproofing. 
Where belts are used, they shall not enter the duct unless the 
belt and pulley within the duct are enclosed. Motors and fans 
shall be accessible for servicing and maintenance. 


503.2 Fans. Parts of fans in contact with explosive or flam- 
mable vapors, fumes, or dusts shall be of nonferrous or non- 
sparking materials, or their casing shall be lined or constructed 
of such material. Where the size and hardness of materials 
passing through a fan are capable of producing a spark, both 
the fan, and the casing shall be of nonsparking materials. 
Where fans are required to be spark-resistant, their bearings 
shall not be within the airstream, and parts of the fan shall be 
grounded. Fans in systems handling materials that are likely to 
clog the blades, and fans in buffing or woodworking exhaust 
systems, shall be of the radial-blade or tube-axial type. 


Equipment used to exhaust explosive or flammable 
vapors, fumes, or dusts shall bear an identification plate stat- 
ing the ventilation rate for which the system was designed. 


Fans located in systems conveying corrosives shall be of 
materials that are resistant to the corrosive or shall be coated 
with corrosion-resistant materials. 


504.0 Environmental Air Ducts. 


504.1 General. Where not specified in this chapter, exhaust 
ducts shall be constructed and installed in accordance with 
Chapter 6 and shall be airtight as approved by the Authority 
Having Jurisdiction. Environmental air ducts that have an 
alternate function as a part of an approved smoke-control sys- 
tem do not require design as Class | product-conveying ducts. 


Exceptions: 


(1) Ductless range hoods where installed in accordance with 
the manufacturer’s installation instructions. 


(2) Condensing clothes dryers where installed in accordance 
with the manufacturer’s installation instructions. 


504.1.1 Backdraft Protection. Exhaust ducts shall 
terminate outside the building and shall be equipped with 
backdraft dampers or with motorized dampers that auto- 
matically shut where the systems or spaces served are 
not in use. [OSHPD 1, 1R, 2, 4 & 5] Exception: Back- 
draft dampers are not required when the exhaust fan 
must operate continuously. 
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Exception: Where the exhaust duct does not discharge 

into a common exhaust plenum and one of the follow- 

ing: 

(1) The exhaust fan runs continuously. 

(2) The exhaust duct serves space(s) that are not 
mechanically heated or cooled. 


(3) The space served is maintained at positive pressure. 


504.2 Independent Exhaust Systems. Single or com- 
bined mechanical exhaust systems shall be independent of 
other exhaust systems. 


504.3 Domestic Range. Ducts used for domestic kitchen 
range or cooktop ventilation shall be of metal and shall have 
smooth interior surfaces. 


Exception: Ducts for domestic kitchen downdraft grill-range 
ventilation installed under a concrete slab floor shall be per- 
mitted to be of approved Schedule 40 PVC provided: 


(1) The under-floor trench in which the duct is installed shall 
be completely backfilled with sand or gravel. 


(2) Not more than | inch (25.4 mm) of 6 inch diameter (152 
mm) PVC coupling shall be permitted to protrude above 
the concrete floor surface. 


(3) PVC pipe joints shall be solvent cemented to provide an 
air and greasetight duct. 


(4) The duct shall terminate above grade outside the build- 
ing and shall be equipped with a backdraft damper. 


504.4 Clothes Dryers. A clothes dryer exhaust duct shall not 
be connected to a vent connector, gas vent, chimney, and shall 
not terminate into a crawl space, attic, or other concealed space. 
Exhaust ducts shall not be assembled with screws or other fas- 
tening means that extend into the duct and that are capable of 
catching lint, and that reduce the efficiency of the exhaust sys- 
tem. Exhaust ducts shall be constructed of rigid metallic 
material. Transition ducts used to connect the dryer to the 
exhaust duct shall be listed and labeled in accordance with 
UL 2158A, or installed in accordance with the clothes dryer 
manufacturer’s installation instructions. Clothes dryer 
exhaust ducts shall terminate to the outside of the building in 
accordance with Section 502.2.1 and shall be equipped with a 
backdraft damper. Screens shall not be installed at the duct ter- 
mination. Devices, such as fire or smoke dampers that will 
obstruct the flow of the exhaust shall not be used. Where join- 
ing of ducts, the male end shall be inserted in the direction of air- 
flow. 


504.4.1 Provisions for Makeup Air. Makeup air shall 
be provided in accordance with the following: 


(1) Makeup air shall be provided for Type 1 clothes dry- 
ers in accordance with the manufacturer’s installa- 
tion instructions. [NFPA 54:10.4.3.1] Where a closet 
is designed for the installation of a clothes dryer, an 
opening of not less than 100 square inches (0.065 
m’) for makeup air shall be provided in the door or 
by other approved means. 


(2) Provision for makeup air shall be provided for Type 
2 clothes dryers, with a minimum free area of 1 
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square inch (0.0006 m7) for each 1000 British ther- 
mal units per hour (Btu/h) (0.293 kW) total input rat- 
ing of the dryer(s) installed. [NFPA 54:10.4.3.2] 


504.4.2 Domestic Clothes Dryers. Where a com- 
partment or space for a Type | clothes dryer is provided, 
not less than a 4 inch diameter (102 mm) exhaust duct of 
approved material shall be installed in accordance with 
Section 504.0. 


Type | clothes dryer exhaust ducts shall be of rigid 
metal and shall have smooth interior surfaces. The diam- 
eter shall be not less than 4 inches nominal (100 mm), 
and the thickness shall be not less than 0.016 of an inch 
(0.406 mm). 


504.4.2.1 Length Limitation. Unless otherwise 
permitted or required by the dryer manufacturer’s 
instructions and approved by the Authority Having 
Jurisdiction, domestic dryer moisture exhaust ducts 
shall not exceed a total combined horizontal and ver- 
tical length of 14 feet (4267 mm), including two 90 
degree (1.57 rad) elbows. A length of 2 feet (610 
mm) shall be deducted for each 90 degree (1.57 rad) 
elbow in excess of two. 


Exception: Where an exhaust duct power ventila- 
tor, in accordance with Section 504.4.2.3, is used, 
the maximum length of the dryer exhaust duct shall 
be permitted to be in accordance with the dryer 
exhaust duct power ventilator manufacturer’s instal- 
lation instructions. 


504.4.2.2 Transition Ducts. Listed clothes dryer 
transition ducts not more than 6 feet (1829 mm) in 
length shall be permitted to be used to connect the 
Type | dryer to the exhaust ducts. Transition ducts 
and flexible clothes dryer transition ducts shall not 
be concealed within construction, and shall be 
installed in accordance with the manufacturer’s 
installation instructions. 


504.4.2.3 Exhaust Duct Power Ventilators. 
Dryer exhaust duct power ventilators for single res- 
idential clothes dryers shall be listed and labeled in 
accordance with UL 705 and installed in accordance 
with the manufacturer’s installation instructions. 


504.4.3 Commercial Clothes Dryers. Commercial 
dryer exhaust ducts shall be installed in accordance with 
their listings. The installation of commercial clothes 
dryer exhaust ducts shall comply with the appliance man- 
ufacturer’s installation instructions. 


504.4.3.1 Exhaust Ducts for Type 2 Clothes 
Dryers. Exhaust ducts for Type 2 clothes dryers 
shall comply with the following: 


(1) Exhaust ducts for Type 2 clothes dryers shall 
comply with Section 504.4. [NFPA 54:10.4.5.1] 


(2) Exhaust ducts for Type 2 clothes dryers shall be 
constructed of sheet metal or other noncom- 
bustible material. Such ducts shall be equivalent 
in strength and corrosion resistance to ducts made 
of galvanized sheet steel not less than 0.0195 of 
an inch (0.4953 mm) thick. [NFPA 54:10.4.5.2] 
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(3) Type 2 clothes dryers shall be equipped or 
installed with lint-controlling means. [NFPA 
54:10.4.5.3] 


(4) Exhaust ducts for unlisted Type 2 clothes dry- 
ers shall be installed with a minimum clearance 
of 6 inches (152 mm) from adjacent com- 
bustible material. Where exhaust ducts for Type 
2 clothes dryers are installed with reduced 
clearances, the adjacent combustible material 
shall be protected in accordance with Table 
303.10.1. [NFPA 54:10.4.5.4] 


(5) Where ducts pass through walls, floors, or par- 
titions, the space around the duct shall be 
sealed with noncombustible material. [NFPA 
54:10.4.5.5] 


(6) Multiple installations of Type 2 clothes dryers 
shall be made in a manner to prevent adverse 
operation due to back pressures that might be 
created in the exhaust systems. [NFPA 
54:10.4.5.6] The exhaust fan shall operate con- 
tinuously or shall be interlocked to exhaust air 
where a clothes dryer is in operation. 


504.4.4 Common Exhaust. Where permitted by the 
clothes dryer manufacturer’s installation instructions, 
multiple clothes dryers shall be permitted to be installed 
with a common exhaust. The common exhaust duct shall 
be constructed of rigid metal and shall be installed in a 
fire-resistant rated enclosure in accordance with the 
building code. The duct material shall be of rigid metal 
with a thickness of not less than 0.020 of an inch (0.508 
mm) (24 gauge). The duct enclosure shall be provided 
with a cleanout opening at the base of not less than 12 
inches by 12 inches (305 mm by 305 mm). The exhaust 
fan shall be located downstream of branch connections 
and operated continuously and shall be monitored by an 
approved means. 


504.4.5 Duct Supports. Ducts shall be supported in 
accordance with SMACNA HVAC Duct Construction 
Standards — Metal and Flexible. 


504.5 Heat (Energy) Recovery Ventilators. Heat 
(energy) recovery ventilators shall be installed in accordance 
with their listings and comply with the appliance manufac- 
turer’s installation instructions. Non-ducted heat recovery 
ventilators shall comply with UL 1815. Ducted heat recov- 
ery ventilators shall comply with UL 1812. Heat (energy) 
recovery ventilator ducts shall comply with Chapter 6. 


504.6 Gypsum Wallboard Ducts. Bathroom and laundry 
room exhaust ducts shall be permitted to be of gypsum wall- 
board subject to the limitations of Section 602.4.2. 


505.0 Product-Conveying Systems. 


505.1 General. A mechanical ventilation or exhaust system 
shall be installed to control, capture, and remove emissions 
generated from product use or handling where required in 
accordance with the building code or fire code and where 
such emissions result in a hazard to life or property. The 
design of the system shall be such that the emissions are con- 
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fined to the area in which they are generated by air currents, 
hoods, or enclosures and shall be exhausted by a duct system 
to a safe location or treated by removing contaminants. Ducts 
conveying explosives or flammable vapors, fumes, or dusts 
shall extend directly to the exterior of the building without 
entering other spaces and shall not extend into or through 
ducts and plenums. 


Exception: Ducts conveying vapor or fumes having flam- 
mable constituents less than 25 percent of their Lower Flam- 
mability Limit (LFL) shall be permitted to pass through other 
spaces. 


505.1.1 Mechanical Ventilation. A mechanical ven- 
tilation system shall be interlocked to operate with the 
equipment used to produce vapors, fumes, or dusts that 
are flammable or hazardous. 


505.2 Incompatible Materials. Incompatible materials 
shall not be conveyed in the same system. [NFPA 91:4.2.2] 


505.3 Flammability Limit. Unless the circumstances stip- 
ulated in Section 505.3.1, Section 505.3.2, or Section 505.3.3 
exist, in systems conveying flammable vapors, gases, or 
mists, the concentration shall not exceed 25 percent of the 
lower flammability limit (LFL). [NFPA 91:4.2.3] 
505.3.1 Higher Concentrations. Higher concentra- 
tions shall be permitted if the exhaust system is designed | 
and protected in accordance with NFPA 69, using one or 
more of the following techniques: 
(1) Combustible concentration reduction 
(2) Oxidant concentration reduction 
(3) Deflagration suppression 
(4) Deflagration pressure containment [NFPA 91:4.2.3.1] 
Contaminated air shall not be recirculated to occu- 
pied areas unless contaminants have been removed. Air 
contaminated with explosive or flammable vapors, 
fumes, or dusts; flammable or toxic gases; or radioactive 
material shall not be recirculated. 
505.3.2 Ovens and Furnaces. Higher concentrations 
shall be permitted for ovens and furnaces designed and 
protected in accordance with NFPA 86. [NFPA 91:4.2.3.2] 
505.3.3 Deflagration. Higher concentrations shall be 
permitted where deflagration venting is provided in 
accordance with NFPA 68. [NFPA 91:4.2.3.3] 
505.4 Air-Moving Devices. Air-moving devices shall be 
sized to establish the velocity required to capture, control, and 
convey materials through the exhaust system. [NFPA 
91:4.2.5] 
505.5 Generating Flames, Sparks, or Hot Materials. 
Operations generating flames, sparks, or hot material such as 
from grinding wheels and welding shall not be manifolded 
into any exhaust system that air conveys flammable or com- | 
bustible materials. [NFPA 91:4.2.6] 
505.6 Fire Dampers. Fire dampers shall be permitted to be 
installed in exhaust systems in accordance with the following: 
(1) Where ducts pass through fire barriers 


(2) Where a collection system installed on the end of the sys- 
tem is protected with an automatic extinguishing system 
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(3) Where the duct system is protected with an automatic 
extinguishing system 
(4) Where ducts have been listed with interrupters 


(5) Where necessary to facilitate the control of smoke pur- 
suant to the applicable NFPA standards [NFPA 91:4.2.9] 


505.6.1 Prohibited. Fire dampers shall not be installed 
if the material being exhausted is toxic and if a risk eval- 
uation indicates that the toxic hazard is greater than the 
fire hazard. [NFPA 91:4.2.10] 


505.7 Fire Detection and Alarm Systems. Unless the 
| circumstances stipulated in Section 505.7.1 or Section 505.7.2 
exist, fire detection and alarm systems shall not be interlocked 
to shut down air-moving devices. [NFPA 91:4.2.14] 


505.7.1 Automatic Extinguishing System. Where 
shutdown is necessary for the effective operation of an 
automatic extinguishing system, it shall be permitted to 
interlock fire detection and alarm systems to shut down 
air-moving devices. [NFPA 91:4.2.14.1] 


505.72 Shut Down Permitted. Where a documented 
risk analysis acceptable to the Authority Having Juris- 
diction shows that the risk of damage from fire and the 
products of combustion would be higher with air-moving 
devices operating, it shall be permitted to interlock fire 
detection and alarm systems to shut down air-moving 
devices. [NFPA 91:4.2.14.2] 


505.8 Product-Conveying Ducts Classification. Prod- 
uct-conveying ducts shall be classified according to their use, 
as follows: 


Class 1 - Ducts conveying nonabrasives, such as smoke, 
spray, mists, fogs, noncorrosive fumes and gases, 
light fine dusts, or powders. 


Class 2 - Ducts conveying moderately abrasive particulate in 
light concentrations, such as sawdust and grain 
dust, and buffing and polishing dust. 


Class 3 - Ducts conveying Class 2 materials in high concen- 
trations and highly abrasive materials in low con- 
centrations, such as manganese, steel chips, and 
coke. 


Class 4 - Ducts conveying highly abrasive material in high 
concentrations. 


Class 5 - Ducts conveying corrosives, such as acid vapors. 


505.9 Minimum Velocities and Circulation. The veloc- 
ity and circulation of air in work areas shall be such that con- 
taminant’s are captured by an airstream at the area where the 
emissions are generated and conveyed into a product-con- 
veying duct system. Mixtures within work areas where con- 
taminants are generated shall be diluted to be accordance with 
Section 505.3 with air that does not contain other contami- 
nants. The velocity of air within the duct shall be not less than 
set forth in Table 505.9. 


Systems conveying particulate matter shall be designed 
by employing the constant velocity method. Systems con- 
veying explosive or radioactive materials shall be pre-bal- 
anced through duct sizing. Other systems shall be permitted 
to be designed with balancing devices such as dampers. 
Dampers provided to balance airflow shall be provided with 
securely fixed minimum-position blocking devices to prevent 
restricting flow below the required volume or velocity. 


505.10 Makeup Air. Makeup air shall be provided to replen- 
ish air exhausted by the ventilation system. Makeup air 
intakes shall be located so as to avoid recirculation of con- 
taminated air within enclosures. 


505.11 Hoods and Enclosures. Hoods and enclosures shall 
be used where contaminants originate in a concentrated area. 
The design of the hood or enclosure shall be such that air cur- 
rents created by the exhaust systems will capture the contami- 
nants and transport them directly to the exhaust duct. The 
volume of air shall be sufficient to dilute explosive or flamma- 
ble vapors, fumes, or dusts in accordance with Section 505.9. 
Hoods of steel shall have a base metal thickness not less than 
0.027 of an inch (0.686 mm) (No. 22 gauge) for Class 1 and 


TABLE 505.9 
RANGE OF MINIMUM DUCT DESIGN VELOCITIES' 
{NFPA 91: TABLE A.4.2.5} 


NATURE OF CONTAMINANTS | 


aor i a <5 


| Vapors, gases, smoke 


beans a 
‘Fumes 


Very fine light dust i? 


‘Dry dusts and powders 


‘Average industrial dusts _ 


‘Heavy dusts — | 


‘Heavy or moist dusts 


FEET PER MINUTE 
EXAMPLES DESIGN VELOCITY 
(feet per minute) 
All vapors, gases, and smoke 1000 - 20007 
eT eae Ife Welding TW iw eh eREDOOORTDS OO’ Fis 
hese Cotton lint, wood flour, litho powder 2500 - 3000 
Fine rubber dust, molding powder dust, jute lint, cotton dust, shavings (light), soap 
3 | 3000 - 4000 
u ReThesG. dust, leather shavings 
Grinding dust, buffing lint (dry), wool jute dust (shaker waste), coffee beans, shoe dust, 
granite dust, silica flour, general material handling, brick cutting, clay dust, foundry 3500 - 4000 
__ (general), limestone dust, packaging and weighing asbestos dust in textile industries 
| Sawdust (heavy and wet), metal turnings, foundry tumbling barrels and shake-out, 4000 - 4500 
| sandblast dust, wood blocks, hog waste, brass turning, cast-iron boring dust, lead dust 
| Lead dust with chips, moist cement dust, asbestos chunks from transite pipe cutting 4500 and u 
| j machines, buffing lint (sticky), quick-lime dust P 


eee ___.- Pysrrapel snd au ceryeelt 
For SI units: | foot per minute = 0.005 m/s 


' Systems that are handling combustible particulate solids shall be in accordance with NFPA 654. 


* Any desired velocity (economic optimum velocity usually within this range). 
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Class 5 metal duct systems; 0.033 of an inch (0.838 mm) (No. 
20 gauge) for hoods serving a Class 2 duct system; 0.044 of an 
inch (1.118 mm) (No. 18 gauge) for hoods serving a Class 3 
duct system; and 0.068 of an inch (1.727 mm) (No. 14 gauge) 
for hoods serving a Class 4 duct system. 


Approved nonmetallic hoods and duct systems shall be 
permitted to be used for Class 5 corrosive systems where the 
corrosive mixture is nonflammable. Metal hoods used with 
Class 5 duct systems shall be protected with an approved cor- 
rosion-resistant material. Edges of hoods shall be rounded. 
The minimum clearance between hoods and combustible con- 
struction shall be the clearance required by the duct system. 


505.12 Pharmacies — Compounding Area of Par- 
enteral Solutions. [CA — Board of Pharmacy] The 
pharmacy shall have a designated area for the preparation 
of sterile products for dispensing which shall be ventilated in 
a manner not interfering with laminar air flow. 


Note: For additional pharmacy building standard require- 
ments, see Chapter 12, California Building Code. 


505.12.1 Pharmacies — Laminar Flow Biological 
Safety Cabinet. [CA — Board of Pharmacy] Jn ail 
pharmacies preparing parenteral cytotoxic agents, all com- 
pounding shall be conducted within a certified Class II Type 
A or Class II Type B vertical laminar airflow hood with bag 
in — bag out design. The pharmacy must ensure that con- 
taminated air plenums that are under positive air pressure 
are leak tight. 


Note: For additional pharmacy building standard 
requirements, see Chapter 12, California Building Code. 


506.0 Product-Conveying Ducts. 


506.1 Materials. Materials used in product-conveying duct 
systems shall be suitable for the intended use and shall be of 
metal. 


Exceptions: 


(1) Asbestos-cement, concrete, clay, or ceramic materials 
shall be permitted to be used where it is shown that these 
materials will be equivalent to metal ducts installed in 
accordance with this chapter. 


(2) Ducts serving a Class 5 system shall be permitted to be 
constructed of approved nonmetallic material where the 
corrosive characteristics of the material being conveyed 
make a metal system unsuitable and where the mixture 
being conveyed is nonflammable. 


Approved nonmetallic material shall be either a listed 
product having a flame-spread index not exceeding 25 
and a smoke-developed rating of 50 or less on both inside 
and outside surfaces without evidence of continued pro- 
gressive combustion, or shall have a flame-spread index 
not exceeding 25 and shall be installed with an automatic 
fire-sprinkler protection system inside the duct. 


(3) Ducts used in central vacuum cleaning systems within a 
dwelling unit shall be constructed of materials in accor- 
dance with ASTM F2158 or the applicable standards ref- 
erenced in Chapter 17. Penetrations of fire walls or 
floor-ceiling or roof-ceiling assemblies shall be in accor- 
dance with the building code. 
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Copper or ferrous pipes or conduits extending from 
within the separation between a garage and dwelling unit to 
the central vacuuming unit shall be permitted to be used. 


Aluminum ducts shall not be used in systems conveying 
flammable vapors, fumes, or explosive dusts, nor in Class 2, 
3, or 4 systems. Galvanized steel and aluminum ducts shall 
not be used where the temperature of the material being con- 
veyed exceeds 400°F (204°C). 


Metal ducts used in Class 5 systems that are not resistant 
to the corrosiveness of the product shall be protected with an 
approved corrosion-resistant material. 


506.2 Construction. Ducts used for conveying products 
shall be airtight construction as approved by the Authority 
Having Jurisdiction, and shall not have openings other than 
those required for operation and maintenance of the system. 
Ducts constructed of steel shall comply with Table 506.2(1) 
or Table 506.2(2). 


Exceptions: 


(1) Class 1 product-conveying ducts that operate at less than 
4 inches water column (0.9 kPa) negative pressure and 
convey noncorrosive, nonflammable and nonexplosive 
materials at temperatures not exceeding 250°F (121°C) 
shall be permitted to be constructed in accordance with 
SMACNA HVAC Duct Construction Standards—Metal 
and Flexible. 


(2) Ducts used in central vacuuming systems within a 
dwelling unit shall be constructed of materials in accor- 
dance with ASTM F2158 or the applicable standards ref- 
erenced in Chapter 17. Penetrations of fire-resistive walls 
or floor-ceiling or roof-ceiling assemblies shall be in 
accordance with the building code. Copper or ferrous 
pipes or conduit extending from within the separation 
between a garage and dwelling unit to the central vac- 
uum unit shall be permitted to be used. 


The use of rectangular ducts conveying particulates shall 
be subject to approval of the Authority Having Jurisdiction. 
The design of rectangular ducts shall consider the adhesive- 
ness and buildup of products being conveyed within the duct. 


Aluminum construction shall be permitted to be used in 
Class 1 duct systems. The thickness of aluminum ducts shall 
be not less than two Brown and Sharpe gauges thicker than 
the gauges required for steel ducts set forth in Table 506.2(1) 
and Table 506.2(2). 


506.3 Penetrations. Exhaust ducts shall not pass through 
fire walls. {NFPA 91:4.2.11} 


506.3.1 Fire Barriers. Exhaust ducts passing through 

a fire barrier having a fire resistance rating of 2 hours or 

greater shall meet one of the following specifications: 

(1) Wrapped or encased with listed or approved materi- 
als having a fire resistance rating equal to the fire 
barrier for 10 feet (3048 mm) of the duct on each 
side of the fire barrier including duct supports within 
this span. 

(2) Constructed of materials and supports having a min- 
imum fire resistance rating equal to the fire barrier. 
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TABLE 506.2(1) 
Pie ME ee _ MINIMUM SHEET METAL THICKNESS FOR ROUND DUCTS ‘ 
PRESSURE EINE erie 
(inches SPACING) : Poe | 
SRTiee che Ua - Btott 12015 161019 201023. © 2hto35 «361047 AB to 59 60 
i F 0.021 (24 ga.) 0.021 (24 ga.) 0.033 (20 ga.)| 0.044 (18 ga.) 0.055 (16 ga.) 0.068 (14 ga.) 0.127(10 ga) — ee 
as h- Sey (0.021 (24 ga.) 0.021 (24 ga.) |0.021 (24 ga.) 0.027 (22 ga.) 0.033 (20 ga.) 0.044 (18 ga.) | 0.055 (16 ga.) | 0.068 (14 ga.) | 0.068 (14 ga.) 
48 0.021 (24 ga.) 0.021 (24 ga.) |0.021 (24 ga.) 0.021 (24 ga.) 0.021 (24 ga.) 0.027 (22 ga.) 0.033 (20 ga.) 0.044 (18 ga.) | 0.055 (16 ga.) 
lest | 0.021 (24 ga.) 0,021 (24 ga.) 0.021 (24 ga.) 0.021 (24 ga.) 0.021 (24 ga.) 0.021 (24 ga.) 0.027 (22 ga.) 0.033 (20 ga.) 0.044 (18 ga.) 
0 | 0.021 (24 ga.) | 0.027 (22 ga.) |0.044 (18 ga.)| 0.055 (16 ga.) | 0.068 (14 ga.) | 0.097(12 ga), — ae [2 
ie § 96 0,021 (24 ga.) 0.027 (22 ga.) 0.027 (22 ga.)) 0.044 (18 ga.) | 0.044 (18 ga.) 0.044 (18 ga.) 0.068 (14 ga.) 0.097 (12 ga.) | 0.097 (12 ga.) 
48 0.021 (24 ga.) 0.021 (24 ga.) (0.021 (24 ga.)| 0.027 (22 ga.) | 0.033 (20 ga.) | 0.033 (20 ga.) 0.055 (16 ga.) 0.068 (14 ga.) | 0.068 (14 ga.) 
(24 0.021 (24 ga.) 0.021 (24 ga.) (0.021 (24 ga.) 0.021 (24 ga.)| 0.027 (22 ga.) | 0.027 (22 ga.) 0.044 (18 ga.) | 0.055 (16 ga.) 0.055 (16 ga.) 
} 0 | 0.021 (24 ga.) | 0.033 (20 ga.) |0.055 (16 ga.)| 0.068 (14 ga.) | 0.097 (12 ga.) |0.097(12ga)|  — me 26, 
ae af: 96 0.021 (24 ga.) 0.027 (22 ga.) 0.044 (18 ga.)| 0.044 (18 ga.) 0.055 (16 ga.) 0.055 (16 ga.) 0.097 (12 ga.) 0.112(11 ga) 0.112(11 ga) 
48 | 0.021 (24 ga.) 0.027 (22 ga.) 0.027 (22 ga.) 0.033 (20 ga.) | 0.044 (18 ga.) 0.044 (18 ga.) 0.068 (14 ga.) 0.068 (14 ga.) | 0.097 (12 ga.) 
24 0,021 (24 ga.) 0.021 (24 ga.) 0.021 (24 ga.) 0.027 (22 ga.) 0.027 (22 ga.) 0.027 (22 ga.) 0.055 (16 ga.) 0.055 (16 ga.) 0.055 (16 ga.) 
0 0.021 (24 ga.) 0.044 (18 ga.) |0.068 (14 ga.)| 0.097 (12 ga.) |0.112(11ga)) al ai e 
er er omlh (0.021 (24 ga.) 0.033 (20 ga.) 0.055 (16 ga.)| 0.055 (16 ga.) 0.068 (14 ga.) 0.068 (14 ga.) 0.112 (L1 ga.) 0.112(11 ga 0.112 (11 ga) 
48 0.021 (24 ga.) 0.027 (22 ga.) 0.033 (20 ga.)| 0.044 (18 ga.)| 0.055 (16 ga.) 0.055 (16 ga.) 0.068 (14 ga.) 0.097 (12 ga.) 0.112 (11 ga.) 
(240,021 (24 ga.) 0.021 (24 ga.) |0.027 (22 ga.)| 0.033 (20 ga.) | 0.044 (18 ga.) | 0.044 (18 ga.) 0.055 (16 ga.) 0.068 (14 ga.) | 0.097 (12 ga.) 
CLASS 2 
ae re rete _ (inches) 
00.027 (22 ga.) 0.027 (22 ga.)| 0.033 (20 ga.) | 0.044 (18 ga.) | 0.055 (16 ga.) 0.068 (14 ga.)|0.127(10 ga), — Es 
ate 96 0.027 (22 ga.) 0.027 (22 ga.) | 0.033 (20 ga.) | 0.033 (20 ga.) | 0.044 (18 ga.) 0.044 (18 ga.) 0.055 (16 ga.) 0.068 (14 ga.) 0.068 (14 ga. 
48 | 0.027 (22 ga.) 0.027 (22 ga.) | 0.033 (20 ga.) | 0.033 (20 ga.) | 0.044 (18 ga.) | 0.044 (18 ga.) | 0.055 (16 ga.) | 0.055 (16 ga.) | 0.055 (16 ga.) 
24 0.027 (22 ga.) 0.027 (22 ga.) | 0.033 (20 ga.) | 0.033 (20 ga.) | 0.044 (18 ga.) | 0.044 (18 ga.) 0.055 (16 ga.) 0.055 (16 ga.) 0.055 (16 ga.) 
0 |0.027 (22 ga.) | 0.027 (22 ga.)| 0.044 (18 ga.)| 0.055 (16 ga.)|0.068 (14 ga.)|0.097(12 ga) — a rat 
vai) 96 0.027 (22 ga.) 0.027 (22 ga.) | 0.033 (20 ga.) | 0.044 (18 ga.) 0.044 (18 ga.) 0.044 (18 ga.) 0.068 (14 ga.) 0.097 (12 ga.) 0.097 (12 ga. 
48 0.027 (22 ga.) 0.027 (22 ga.) | 0.033 (20 ga.) | 0.033 (20 ga.) | 0.044 (18 ga.) | 0.044 (18 ga.) | 0.055 (16 ga.) 0.068 (14 ga.) 0.068 (14 ga.) 
24 | 0.027 (22 ga.) | 0.027 (22 ga.) | 0.033 (20 ga.) | 0.033 (20 ga.) | 0.044 (18 ga.)| 0.044 (18 ga.)| 0.055 (16 ga.) 0.055 (16 ga.) 0.055 (16 ga.) 
| 90,027 (22 ga.) | 0.033 (20 ga.)| 0.055 (16 ga.) | 0.068 (14 ga.)| 0.097 (12 ga.) |0.097(12 ga))  — . 2 
ee 96 00027 (22 ga.) 0.033 (20 ga.) | 0.044 (18 ga.) 0.044 (18 ga.) 0.055 (16 ga.) 0.055 (16 ga.) 0.097 (12 ga.) 0.112 (11 ga.) 0.112 (11 AS 
48 0.027 (22 ga.) | 0.027 (22 ga.) | 0.033 (20 ga.) | 0.033 (20 ga.) | 0.044 (18 ga.) | 0.044 (18 ga.) | 0.068 (14 ga.) | 0.068 (14 ga.) | 0.097 (12 ga.) 
| 24 0.027 (22 ga.) | 0.027 (22 ga.) | 0.033 (20 ga.) | 0.033 (20 ga.) | 0.044 (18 ga.)| 0.044 (18 ga.) | 0.055 (16 ga.) 0.055 (16 ga.) | 0.055 (16 ga.) 
| 0 0.027 (22 ga.) | 0.044 (18 ga.) | 0.068 (14 ga.) | 0.097 (12 ga.)| 0.112 (11 ay — — — — 
ae | 96 0.027 (22 ga.) 0.033 (20 ga.) 0.055 (16 ga.) | 0.055 (16 ga.) 0.068 (14 ga.) | 0.068 (14 ga.) 0.112(11 ga.) 0.112 (11 ga.) 0.112 (11 ga) 
48 0.027 (22 ga.) 0.033 (20 ga.) | 0.033 (20 ga.) | 0.044 (18 ga.) | 0.055 (16 ga.) | 0.055 (16 ga.) | 0.068 (14 ga.) | 0.068 (14 ga.) 0.097 (12 ga.) 
24 0.027 (22 ga.) 0.033 (20 ga.) | 0.033 (20 ga.) | 0.033 (20 ga.) 0.044 (18 ga.) 0.044 (18 ga.) 0.055 (16 ga.) 0.055 (16 ga.) 0.055 (16 ga.) 
| | CLASS 3 
’ eee re (inches) : . j 
0 0.033 (20 ga.)| 0.033 (20 ga.) | 0.044 (18 ga.) | 0.044 (18 ga.) | 0.055 (16 ga.) | 0.068 (14 ga.) 0.127(10ga)|  — rs 
ee 96 | 0.033 (20 ga.) 0.033 (20 ga. (0.044 (18 ga.) 0.044 (18 ga.) |0.055 (16 ga.) 0.055 (16 ga.) | 0.068 (14 ga.) | 0.068 (14 ga.) | 0.068 (14 ga.) 
480.033 (20 ga.) 0.033 (20 ga.) | 0.044 (18 ga.) | 0.044 (18 ga.)| 0.055 (16 ga.) 0.055 (16 ga.) 0.068 (14 ga.) 0.068 (14 ga.) 0.068 (14 ga. 
| 24 0,033 (20 ga.) 0.033 (20 ga.) | 0.044 (18 ga.) | 0.044 (18 ga.) | 0.055 (16 ga.) | 0.055 (16 ga.) | 0.068 (14 ga.) | 0.068 (14 ga.)| 0.068 (14 ga.) 
00.033 (20 ga.) | 0.033 (20 ga.) | 0.044 (18 ga.) 0.055 (16 ga.) 0.068 (14 ga.) |0.097(12 ga.) — ae E. 
hee 96 | 0.033 (20 ga. (0.033 (20 ga.) 0.044 (18 ga.) 0.044 (18 ga.) 0.055 (16 ga.) 0.055 (16 ga.) 0.068 (14 ga.) 0.097 (12 ga.) 0.097 (12 ga.) 
48 0.033 (20 ga.) 0.033 (20 ga.) | 0.044 (18 ga.) | 0.044 (18 ga.) | 0.055 (16 ga.) 0.055 (16 ga.) 0.068 (14 ga.) 0.068 (14 ga.) 0.068 (14 ga.) 
24 0.033 (20 ga.) 0.033 (20 ga.) | 0.044 (18 ga.) | 0.044 (18 ga.) 0.055 (16 ga.) 0.055 (16 ga.) 0.068 (14 ga.) 0.068 (14 ga.) 0.068 (14 a 
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Pmecsune ene om 
(inches | SPACING = ree Pls. ! an veri iiteat Pr: iM { m4 
aa CNS 5 5 807 8 to 11 12 to 15 16 to 19 20 to 23 24 to 35 36 to 47 48 to 59 60 | 
| | 0 7 0.133 (20 oa) 0.133 (20 ga.) 0.155 (16 ga.) 0.168 (14 ga.) 0.197 (12 aby 0.197 (12 0 oy pee Ct 1 ate 
alas 96 | 0.133 (20 ga.) | 0.133 (20 ga.) 0.144 (18 ga.) | 0.144 (18 ga.) | 0.155 (16 ga.) [0.155 (16 ga.) 0.197 (12 ga.) 0.1 12(11 ga) 0.112 dl ga.) 
48 0.133 (20 ga.) | 0.133 (20 ga.) | 0.144 (18 ga.) | 0.144 (18 ga.) | 0.155 (16 ga.) | 0.155 (16 ga.) | 0.168 (14 ga.) | 0.168 (14 ga.) | 0.168 (14 ga.) | 
24 0.133 (20 ga.) | 0.133 (20 ga.) | 0.144 (18 ga.) | 0.144 (18 ga.) | 0.155 Pie pa 0.155 (16 ory 0.168 (14 ea.) 0.168 (14 ga) (0.168 (14 aay 
0 bi 0.133 (20 ga.) 0.144 (18 ga.) 0.168 (14 ga.) 0.197 (12 ga.) | 0.112 (11 ga.) — eae bel Ree ap FR | 
gat 96 0.133 (20 aa) | 0.133 (20 ga.) 0.155 (16 ga.) 0.155 (16 ga.) 0.168 (14 = 0.168 tide 0.1 2(11 ae) 0.112 Iga.) 0.1 12 (11 ga) 
48 0.133 (20 ga.) | 0.133 (20 ga.) | 0.144 (18 ga.) | 0.144 (18 ga.) | 0.155 (16 ga.) | 0.155 (16 ga.) | 0.168 (14 ga.) | 0.168 (14 ga.) | 0.197 (12 ga.) | 
‘ 24 0.133 (20 ga.) 0.133 (20 ga.) 0.144 (18 ga.) | 0.144 (18 ga.) | 0.155 (16 ga.) | 0.155 (16 ga.) 0.168 (14 ga.) 0.168 (14 ga.) 0.168 (14 ga.) 
CLASS 4 

| 7 és (inches) 
0 (0.155 (16 ga.) 0.155 (16 ga.) 0.155 (16 ga.) 0.155 (16 ga.) 0.155 (16 ga.) 0.168 (14 ga.) 0.168 (14 Bayt <aghy ; a va 
aoe 96 [LS IeS a 9 0.155 (16 CUES (16 ga.) 0.155 (16 ga.) | 0.168 (14 ga.) 0.168 (14 ga.) 0.197 (12 ga.) | 0.197 (12 ga.) 0.197 (12 ga.) 
48 0.155 (16 ga.) | 0.155 (16 ga.) | 0.155 (16 ga.) | 0.155 (16 ga.) | 0.168 (14 ga.) | 0.168 (14 ga.) | 0.197 (12 ga.) | 0.197 (12 ga.) | 0.197 (12 ga.) | 
24 0.155 (16 ga.) | 0.155 (16 za 0.155 (16 ga.) | 0.155 (16 ga.) | 0.168 (14 ga.) | 0.168 (14 ga.) 0.197 (12 ga.) 0.197 (12 an.) | 0.197 ( 12 ga.) | 
0.155 (16 ga.) | 0.155 (16 ga.) 0.155 (16 ga.) 0.155 (16 ga.) 0.168 (14 ga.) 0.197 (12 ga.) j Jee hoes pie | a BS 
sei 96 | 0.155 (16 ga.) 0.155 (16 ga.) 0.155 (16 ga.) 0.155 (16 ga.) 0.168 (14 ga.) 0.168 (14 ga.) label (12 ga.) 0.197 (12 ga.) 0.197 (12.ga.) 
48 | 0.155 (16 ga.) | 0.155 (16 ga.) | 0.155 (16 ga.) | 0.155 (16 ga.) | 0.168 (14 ga.) | 0.168 (14 ga.) | 0.197 (12 ga.) | 0.197 (12 ga.) | 0.197 (12 ga.) | 
24 0.155 (16 oy 0.155 (16 ga.) | 0.155 (16 ga.) | 0.155 (16 ga.) | 0.168 (14 ga.) 0.168 (14 ga.) | 0.197 (12 ga.) 0.197 (12 sa) / 0.197 (12 ga.) | 
0 0.155 (16 ga.) | 0.155 (ieee) 0.155 (16 ga.) 0.168 (14 ga.) 0.197 (12 ia} 0.197 (12 ga.) nF Le ui ia a . is I 
Pe eces 96 0.155 (16 ga.) | 0.155 (16 Ba) 0.155 (16 Bey 0.155 (16 ga.) | 0.168 (14 pa) 0.168 fa eas 0.197 (12 ga.) 0.1 12 (1 1 oh} | 01 12 a I ga.) 
48 0.155 (16 ga.) | 0.155 (16 ga.) | 0.155 (16 ga.) | 0.155 (16 ga.) | 0.168 (14 ga.) | 0.168 (14 ga.) | 0.197 (12 ga.) 0.197 (12 ga.) | 0.097 (12 ga.) | 
24 0.055 (16 ga.) | 0.055 (16 ny 0.055 (Gea) 0.055 (16 ga.) | 0.068 (14 ga.) | 0.068 (14 ga.) | 0.097 (12 ga) | 0.097 ( 12 ga) 0.097 (12 ga.) 
0 0.055 (16 sayy 0.055 (16 ga.) | 0.068 (14 ga.) | 0.097 (12 ga.) | 0.112 (11 ga.) al | PEA ag Al Se Tas | 
ashi 96 0.055 (16 ae 0.055 (16 ga.) 0.055 (16 ga.) | 0.055 (16 ga.) | 0.068 (14 a) 0.068 (14 ga.) 0.1 12 ( Il ga) | 0.1 12 (1 ga.) (0.1 12(11 ea) 
48 0.055 (16 ga.) 0.055 (16 ga.) 0.055 (16 ga.) 0.055 (16 ga.) | 0.068 (14 ga.) | 0.068 (14 ga.) | 0.097 (12 ga.) | 0.097 (12 ga.) | 0.097 (12 ga.) | 
24 0.055 (16 ga.) | 0.055 (16 ga.) | 0.055 (16 ga.) | 0.055 (16 ga.) | 0.068 (14 ga.) | 0.068 (14 ga.) | 0.097 (12 ga.) | 0.097 (12 ga.) | 0.097 (12 ga.) 


For SI units: 1 inch = 25.4 mm, | inch water column = 0.249 kPa 


(3) Enclosed with a shaft that is constructed of material 
having a fire resistance rating equal to the fire bar- 
rier for 10 feet (3048 mm) of the duct on each side 
of the fire barrier with no inlets to the duct within 
this distance, and the duct entry into and exit from 
the shaft is protected in accordance with Section 


506.3.2. [NFPA 91:4.2.12] 


506.3.2 Protection. Exhaust ducts passing through fire 


barriers of any fire resistance rating shall be protected by 


sealing the space around the duct with listed or approved 
fire stopping having a fire resistance rating equal to the 
fire resistance rating of the fire barrier. [NFPA 91:4.2.13] 


506.4 Condensate. Joints in duct construction shall be liq- 
uidtight when the conveying system contains condensable 


vapors or liquids in suspension. [NFPA 91:4.3.6.1] 


506.4.1 Drainage. Provisions shall be made for drainage 
of condensate at low points in the duct. [NFPA 91:4.3.6.2] 
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506.5 Fittings. Fittings in Class 2, 3, and 4 systems shall be 
not less than two gauges thicker than the thickness required 
for straight runs. Flexible metallic duct shall be permitted to 
be used for connecting ductwork to vibrating equipment. Duct 
systems subject to wide temperature fluctuations shall be pro- 
vided with expansion joints. 


Branches shall connect to main ducts at the large end of 


transitions at an angle not exceeding 45 degrees (0.79 rad). 


Except for ducts used to convey noncorrosive vapors with 


no particulate, accessible cleanouts shall be provided at 10 foot 
(3048 mm) intervals and at changes in direction. Access open- 
ings shall also be provided for access to sprinklers and other 
equipment within the duct that require servicing. 


506.6 Explosion Venting. Ducts conveying explosive dusts 


shall have explosion vents, openings protected by anti-flash- 
back swing valves, or rupture diaphragms. Openings to relieve 
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TABLE 506.2(2) 
MINIMUM SHEET METAL THICKNESS FOR RECTANGULAR DUCTS 
NEGATIVE. LONGEST SIDE OF DUCT : ‘ 
eee | Sune : CLASS 1 ‘ CLASS2 
water | (inches) |— re (inches) Pe (inches) _ ; 
column) _ Upto12  13to24 | 25to36 | 37to48 | 49to60 | Upto12 13to24  25to36 | 37to48 | 49to60 
| 4g (9.021 (24 ga,10.033 (20 ga.)10.055 (16 ga)10.068(14ga)|  — 10.033 (20 ga) 0.044 (18 ga.)\0.055 (16 ga.)/0.068 (14a), — 
To7 | 24 0.021 (24 ga)/0.027 (22 ga.)|0.033 (20 ga.)|0.033 (20 ga.)|0.033 (20 ga.)| 0.033 (20 ga.) 0.044 (18 ga.) 0.055 (16 ga.) |0.055 (16 ga.)| 0.055 (16 ga) 
12 0.021 (24 ga.) 0.021 (24 ga.)10.021 (24 ga.)\0.021 (24 ga.)|0.021 (24 a)|0.033 (20 ga.)|0.044 (18 ga.)10.055 (16 ga.) 0.055 (16 ga.)10.055 (16 ga.) 
ae 48  |0.027 (22 ga.) 0.068 (14 ga.)|0.097(12 ga)|0.097(12ga)|  — 10.033 (20 ga,)\0.068 (14 ga.) 0.097(12.ga10.097(12ga)) 
Stoll et 634 0.027 (22 ga.)|0.055 (16 ga.)|0.055 (16 ga.) 0.068 (14 ga.)|0.068 (14 ga.) 0.033 (20 ga.) 0.055 (16 ga.) 0.055 (16 ga.) 0.068 (14 ga.) 0.068 (14 ga.) 
12 0.021 (24 ga.) 0.027 (22 ga.)|0.027 (22 ga.) 0.027 (22 ga.)|0.027 (22 ga.)|0.033 (20 ga.) 0.044 (18 ga.)|0.055 (16 ga.) 0.055 (16 ga.) 0.055 (16 ga.) 
48 c 0.044 (18 ga.) 0.097 (12 ga.) — -— oo 0.044 (18 on 0.044.(18 ga.) — — —- 
| 12to IS | 24 0.044 (18 ga.) 0.055 (16 ga.) 0.097 (12 ga.) 0.097 (12 ga.) 0.097 (12 ga.) 0.044 (18 ga.) 0.044 (18 ga.) 0.097 (12 ga.) 0.097 (12 ga.) 0.097 (12 ga.) 
"12 |0.027(22.ga,|0.044 (18 ga.)|0.044 (18 ga.) 0.044 (18 pa)10.044 (18 ga_)10.033 (20 ga,|0.044 (18 ga.) 0.055 (16 ga.) 0.055 (16 ga.)|0.055 (16 ga.) 
| 4g looesa4eaylo11201g.)|  — a Lo aloes dens Git: (len bbe Se = 
16t020 | 24 (0.068 (14 ga.) 0.068 (14 ga.)|0.112(11 ga) |0.112(11 ga) |0.112 (11 ga.) 0.068 (14 ga.)10.068 (14 ga.)|0,112(11 ga) 0.112(11 ga) 0.112(11 ga) 
12 10.033 (20 ga.) 0.068 (14 ga.)|0.068 (14 ga.) 0.068 (14 ga.)|0.068 (14 ga.) 0.033 (20 ga.) 0.044 (18 ga.) 0.068 (14 ga.) 0.068 (14 ga.) 0.068 (14 ga.) 
CLASS 3 CLASS 4 
al (inches) #2 | __ (inches) 
48 _|0.044 (18 ga.)|0.055 (16 ga.)|0.068 (14 ga.)|0.068 (14 ga.) — 0.055 (16 ga.)|0.068 (14 ga.)|0.097 (12 ga.)|0.097 (12 ga.) — 
To7 | 24  |0.044(18 ga.) 0.055 (16 ga.)10.068 (14 ga.)|0.068 (14 ga.)|0.068 (14 ga.)|0.055 (16 ga.) 0.068 (14 ga.)|0.097 (12 ga.)|0.097 (12 ga.) 0.097 (12 ga) 
12 (0.044 (18 ga) 0.055 (16 ga.) 0.068 (14 ga.) 0.068 (14 ga.) 0.068 (14 ga.) 0.055 (16 ga.) 0.068 (14 ga.) 0.097 (12 ga.) 0.097 (12 ga.) 0.097 (12 ga.) 
48 (0.044 (18 ga.) 0.068 (14 ga)|0.097 (12 ga)10.097(12ga)|  —  |0.055(16ga.)|0.068(14 ga.) 0.097(12 ga.)\0.097(12 ga.)  — 
Stoll 24 |0,044(18 ga.) 0.055 (16 ga.)|0.068 (14 ga.) 0.068 (14 ga.)|0.068 (14 ga.)10.055 (16 ga.)|0.068 (14 ga.) 0.097 (12 ga.) 0.097 (12 ga)|0.097 (12 ga,) 
12 10.044 (18 ga.) 0.055 (16 ga.)|0.068 (14 ga.)| 0.068 (14 ga.)|0.068 (14 ga.)|0.055 (16 ga.)|0.068 (14 ga.) 0.097 (12 ga.) 0.097 (12 ga.) 0.097 (12 ga.) 
’ 48  |0.044(18 ga.)|0.097(12ga)) = — a — 0.055 (16 ga)|0.097(12¢a)|  — s on 
12 to 15 | 24 =‘ |0.044 (18 ga.)|0.055 (16 ga.)|0.097 (12 ga.)|0.097 (12 ga.)|0.097 (12 ga.)|0.055 (16 ga.)|0.068 (14 ga.)|0.097 (12 ga.)|0.097 (12 ga.)|0.097 (12 ga.) 
12 | 0.044 (18 ga.)|0.055 (16 ga.)|0.068 (14 ga.)|0.068 (14 ga.)|0.068 (14 ga.)|0.055 (16 ga.)|0.068 (14 ga.)|0.097 (12 ga.) 0.097 (12 ga.) 0.097 (12 ga.) 
48 (0.068 (149a)/0.112(I1ga)| Eat Tb 4 iw pashtie ey ov aie = ‘s a 
16t0.20 | 24 0,068 (14 ga.) 0.068 (14 ga.)|0.112 (11 ga.)|0.112(11 ga.) 0.112 (11 ga.) 0.055 (16 ga.) 0.068 (14 ga.) 0.1 12 (11 ga.) 0.112(11 ga)|0.112 (11 ga) 
12 0.044 (18 ma} 0.068 (14 ga.)|0.068 (14 ga.)|0.068 (14 ga.)/0.068 (14 ga.)|0.055 (16 ga.)/0.068 (14 ga.) 0.097 (12 ga.)}0.097 (12 ga.) 0.097 (12 ga.) 


For SI units: | inch = 25.4 mm, | inch water column = 0.249 kPa 


explosive forces shall be located outside the building. Where 
relief devices cannot provide sufficient pressure relief, duct- 
work shall be designed to withstand an internal pressure of not 
less than 100 pounds-force per square inch (psi) (689 kPa). 


Where a room or building contains a dust explosion haz- 
ard that is external to protected equipment, as defined in 
NFPA 654, such areas shall be provided with deflagration 
venting to a safe outside location. 


506.7 Supports. Supports shall be of noncombustible mate- 


rials, and the spacing shall not exceed 12 feet (3658 mm) for 
8 inch (203 mm) ducts and 20 feet (6096 mm) for larger 


ducts. 


506.8 Fire Protection. Sprinklers or other fire-protection 
devices shall be installed within ducts having a cross-sec- 
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tional dimension exceeding 10 inches (254 mm) where the 
duct conveys flammable vapors or fumes. Sprinklers shall be 
installed at 12 foot (3658 mm) intervals in horizontal ducts 
and at changes in direction. In vertical runs, sprinklers shall 


be installed at the top and at alternate floor levels. 


506.8.1 Loads. Duct supports shall be designed to 
carry the weight of the duct half filled with material. 
Where sprinkler protection is provided or cleaning of the | 
duct will be performed, the hanger’s design shall include 
the weight of any expected liquid accumulation. Duct ] 
supports shall be designed to prevent placing loads on 


connected equipment. [NFPA 91:4.6.1 — 4.6.3] 


506.8.2 Corrosion. Hangers and supports exposed to 
corrosive atmospheres shall be resistant to the corrosive 


atmospheres. [NFPA 91:4.6.4] 
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506.8.3 Vibration and Stress. To avoid vibration and 
stress on the duct, hangers and supports shall be securely 
fastened to the building or structure. [NFPA 91:4.6.5] 


506.8.4 Expansion and Contraction. Hangers and 
supports shall be designed to allow for expansion and 
contraction. [NFPA 91:4.6.6] 


506.9 Protection from Physical Damage. Ducts 
installed in locations where they are subject to physical dam- 
age shall be protected by guards. 


506.10 Duct Clearances. Unless the conditions stipulated 
in Section 506.10.1 or Section 506.10.2 exist, all duct sys- 
tems and system components shall have a clearance of at least 
6 inches (152 mm) from stored combustible materials, and 
not less than 4 of an inch (13 mm) clearance from com- 
bustible construction. [NFPA 91:4.7.1] 


506.10.1 Protection Provided. Where stored com- 
bustible material or combustible construction is protected 
from ductwork by the use of materials or products listed 
for protection purposes, clearance shall be maintained in 
accordance with those listings. [NFPA 91:4.7.1.1] 


506.10.2 Systems Conveying Combustible Mate- 
rials. Unless the conditions stipulated in Section 506.10.3 
exist, all duct systems and system components handling 
combustible materials shall have a clearance of not less 
than 18 inches (457 mm) from stored combustible mate- 
rials or combustible construction. [NFPA 91:4.7.2] 


506.10.3 Reduced Clearance Permitted. When the 
ductwork system is operating at 140°F (60°C) or below 
and is equipped with an approved automatic extinguish- 
ing system designed for the specific hazard, the clear- 
ance shall be permitted to be reduced to 6 inches (152 
mm) from combustible materials and 2 of an inch (12.7 
mm) from combustible construction. [NFPA 91:4.7.2.1] 


506.10.4 Clearance Increases. All duct systems and 
system components operating at temperatures above 
140°F (60°C) shall have clearances from stored com- 
bustible materials or combustible construction not less 
than those listed in Table 506.10.4. [NFPA 91:4.7.3] 


TABLE 506.10.4 
BASIC MINIMUM CLEARANCES TO UNPROTECTED SURFACES 
[NFPA 91: TABLE 4.7.3] 


DUCT GAS LARGEST DUCT CLEARANCE 
TEMPERATURE DIMENSION (inches) (inches) 
i 8 8 
140°F — 600°F incl. ; 
>8 12 
8 18 
>600°F — 900°F incl. : ; 
>8 24 
} ; salen : 
$900°F All ducts lined with 74 
refractory | 


For SI units: 1 inch = 25.4 mm, °C=(°F-32)/1.8 


506.10.4.1 Temperatures Over 900°F. Ducts 
handling materials at temperatures in excess of 
900°F (482°C) shall be lined with refractory mate- 
rial or the equivalent. [NFPA 91:4.7.3.1] 


2022 CALIFORNIA MECHANICAL CODE 


EXHAUST SYSTEMS 


506.10.4.2 Clearance Reduction. When stored 
combustible materials or combustible construction 
are protected from ductwork in accordance with 
Section 506.11, the clearance established in Table 
506.10.4 shall be permitted to be reduced in accor- 
dance with Table 506.11, but not to less than speci- 
fied in Section 506.10. [NFPA 91:4.7.3.2] 


506.11 Clearance Reduction Methods. It shall be per- 
mitted to protect stored combustible material or combustible 
construction from ductwork in accordance with Table 506.11 
and Section 506.11.1 through Section 506.11.6. In no case 
shall the clearance between the duct and the combustible sur- 
face be reduced below that allowed in Table 506.11. [NFPA 
91:4.7.4, 4.7.4.1] 


506.11.1 Spacers and Ties. Spacers and ties for pro- 
tection materials shall be of noncombustible material and 
shall not be installed on the duct side of the protection 
system. [NFPA 91:4.7.4.2] 


506.11.2 Wool Batts Insulation. Mineral wool batts 
(blanket or board) shall have a minimum density of 8 | 
pounds per cubic feet (Ib/ft*) (128 kg/m*) and have a 
minimum melting point of 1500°F (816°C). [NFPA ] 
91:4.7.4.3] 


506.11.3 Insulation Board. Insulation board used as a 
part of a clearance-reduction system shall meet the fol- 
lowing criteria: 

(1) Have a thermal conductivity of 1 British thermal 
unit inch per hour square foot degree Fahrenheit 
[Btusin/(heft?*°F)] [0.14 W/(meK)] or less. 

(2) Be formed of noncombustible material. [NFPA 
91:4.7.4.4] 


506.11.4 Duct and Thermal Shield. With all clear- 
ance reduction systems, at least 1 inch (25.4 mm) clear | 
space shall be provided between the duct and the ther- 
mal shield. [NFPA 91:4.7.4.5] 


506.11.5 Thermal Shield and Combustible Sur- 
face. When using clearance reduction systems that 
include an air gap, at least 1 inch (25.4 mm) clear space | 
shall be provided between the thermal shield and the 
combustible surface. [NFPA 91:4.7.4.6] 


506.11.6 Reduced Clearance with Air Gaps. When 
using clearance reduction systems that include an air gap 
between the combustible surface and the selected means 
of protection, air circulation shall be provided by one of 
the methods in Section 506.11.6.1 through Section | 
506.11.6.3. [NFPA 91:4.7.4.7] 


506.11.6.1 Air Circulation. Air circulation shall 

be permitted to be provided by leaving all edges of 

the protecting system open with at least a | inch | 

(25.4 mm) air gap. [NFPA 91:4.7.4.7.1] 

506.11.6.2 Single Flat Wall. If the means of pro- | 

tection is mounted on a single flat wall away from 

corners, air circulation shall be permitted to be pro- 

vided by one of the following: 

(1) Leaving only the top and bottom edges open to 
circulation by maintaining the 1 inch (25.4 mm) 
air gap. 


95 


EXHAUST SYSTEMS 


TABLE 506.11 
REDUCTION OF DUCT CLEARANCE WITH SPECIFIED FORMS OF PROTECTION 


[NFPA 91: TABLE 4.7.4] 


vit urie3{2 ___ MAXIMUM ALLOWABLE REDUCTION IN CLEARANCE (percent) = 
FORM OF PROTECTION* AS WALL PROTECTOR OR AS CEILING PROTECTOR OR 
Liveucte init! Seat te VERTICAL SURFACE HORIZONTAL SURFACE 
31 i ilated air 
3 /2 inch thick masonry wall without venti 
eee dtd ATL Kine i= 29 a baci) Ne i. 
4 inch thick noncombustible insulation board over 
'1 inch glass fiber or mineral wool batts without 50 33 
ventilated air space paint yy Sd icicles TRS TO 
0.024 inch (24 gauge) sheet metal over | inch glass 
fiber or mineral wool batts reinforced with wire, or 66 66 
equivalent on rear face with at least a | inch air 
3% inch (90 mm) thick masonry wall with at least 
. ; 66 None 
a | inch air gap ic, m Tt, 
0.024 inch (24 gauge) sheet metal with at least a 1 
i. : 66 50 
inch air gap : , 
2 inch thick noncombustible insulation board with 
‘ 66 50 
-at least a | inch air gap . : : 
0.024 inch (24 gauge) sheet metal with ventilated 
air space over at least 0.024 inch (24 gauge) sheet 66 50 
metal with at least a 1 inch air gap t i t oub NB. t 
|1 inch glass fiber or mineral wool batts sandwiched 
between two sheets of 0.024 inch (24 guage) sheet 66 50 
|metal with at leasta linchait gap. —- rT WO) 2 


For SI units: 1 inch = 25.4 mm 


* Clearance reduction applied to and covering all combustible surfaces within the distance specified as required clearance with no protection in Table 506.10.4. 


(2) Leaving the top and both side edges open to cir- 
culation by maintaining the | inch (25.4 mm) 
air gap. [NFPA 91:4.7.4.7.2] 


506.11.6.3 Thermal Shielding. Thermal shielding 
that covers two walls in a corner shall be permitted to 

| be open at the top and bottom edges with at least | 
inch (25.4 mm) air gap. [NFPA 91:4.7.4.7.3] 


Part Il - Commercial Hoods and Kitchen 
Ventilation. 


507.0 General Requirements. 


507.1 Type | Hood Exhaust System. Exhaust systems 
serving Type I hoods shall comply with Section 507.0 
through Section 518.0. 


507.2 Exhaust System. Cooking equipment used in 
processes producing smoke or grease-laden vapors shall be 

| equipped with an exhaust system that complies with all the 
equipment and performance requirements of this chapter. 

| [NFPA 96:4.1.1] All such equipment and its performance 
shall be maintained in accordance with the requirements of 

| this chapter during all periods of operation of the cooking 
equipment. [NFPA 96:4.1.2] The following equipment shall 
be kept in working condition: 


(1) Cooking equipment 
(2) Hoods 
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(3) 
(4) 
(5) 
(6) 


Ducts (if applicable) | 
Fans 
Fire-extinguishing equipment 


Special effluent or energy control equipment [NFPA 
96:4.1.3] 


Maintenance and repairs shall be performed on all com- | 
ponents at intervals necessary to maintain good working con- 
ditions. [NFPA 96:4.1.3.1] 


507.2.1 Airflow. All airflows shall be maintained. |<< 
[NFPA 96:4.1.4] 


507.2.2 Responsibility. The responsibility for inspec- |<< 
tion, testing, maintenance, and cleanliness of the venti- 
lation control and fire protection of the commercial 
cooking operations, including cooking appliances, shall | 
ultimately be that of the owner of the system, provided 
that this responsibility has not been transferred in written 
form to a management company, tenant, or other party. 
[NFPA 96:4.1.5] 


507.2.3 Solid-fuel Cooking Equipment. All solid- |<< 
fuel cooking equipment shall comply with the require- 
ments of Section 517.0. [NFPA 96:4.1.6] 

507.2.4 Multitenant Applications. Multitenant appli- |<< 
cations shall require the concerted cooperation of design, 


installation, operation, and maintenance responsibilities 
by tenants and by the building owner. [NFPA 96:4.1.7] 


2022 CALIFORNIA MECHANICAL CODE 


®) >>I 


»>I 


507.2.5 Interior Surfaces. All interior surfaces of the 
exhaust system shall be accessible for cleaning and 
inspection purposes. [NFPA 96:4.1.8] 


507.2.6 Used in Other Applications. Cooking equip- 
ment used in fixed, mobile, or temporary concessions, 
such as trucks, buses, trailers, pavilions, tents, or any 
form of roofed enclosure, shall comply with this chap- 
ter. [NFPA 96:4.1.9] 
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(4) Other noncombustible materials or assembly of 
noncombustible materials that are listed for the 
purpose of reducing clearance. 

(5) Other materials and products that are listed for the 
purpose of reducing clearance. [NFPA 96:4.2.3.4] 

507.4.3 Clearance Integrity. In the event of damage, 
the material or product shall be repaired and restored to 
meet its intended listing or clearance requirements and 


507.3 Listed Devices. Penetrations shall be sealed with 
listed devices in accordance with the requirements of Section 
SUT SL: 


shall be acceptable to the Authority Having Jurisdiction. ] 
[NFPA 96:4.2.4.1] 


507.3.1 Penetration. Devices that require penetration 
of a Type I hood or grease duct, such as pipe and conduit 
penetration fittings and fasteners, shall be listed in accor- 
dance with UL 710 or UL 1978. Seams, joints, and pen- 
etrations of the hood enclosure shall comply with Section 
508.3.2. Seams, joints, and penetrations of the ductwork 
shall comply with Section 510.5.3. 


507.4.3.1 Fire. In the event of a fire within a kitchen 
exhaust system, the duct and its enclosure (rated 
shaft, factory-built grease duct enclosure, or field- 
applied grease duct enclosure) shall be inspected by 
qualified personnel to determine whether the duct 
and protection method are structurally sound, capa- 
ble of maintaining their fire protection function, and 
in compliance with this chapter for continued opera- | 


tion. [NFPA 96:4.2.4.2] 


507.4.3.2 Required Protection. Protection shall 
be provided on the wall from the bottom of the hood 
to the floor, or to the top of the noncombustible 


507.4 Clearance. Where enclosures are not required, hoods, 
grease removal devices, exhaust fans, and ducts shall have a 
| clearance of at least 18 inches (457 mm) to combustible mate- 
rial, 3 inches (76 mm) to limited-combustible material, and 0 
inches (0 mm) to noncombustible material. [NFPA 96:4.2.1] 


507.4.1 Listed. Where a hood, duct, or grease removal 
device is listed for clearances less than those required in 
Section 507.4, the listing requirements shall be permit- 
ted. [NFPA 96:4.2.2] 


507.4.2 Clearance Reduction. Where a clearance 
reduction system consisting of 0.013 of an inch (0.33 
mm) (28 gauge) sheet metal spaced out | inch (25.4 mm) 
on noncombustible spacers is provided, there shall be a 
minimum of 9 inches (229 mm) clearance to combustible 
material. [NFPA 96:4.2.3.1] 


507.4.2.1 Mineral Wool Batts or Ceramic 
Fiber Blanket. Where a clearance reduction sys- 
tem consisting of 0.027 of an inch (0.686 mm) (22 
gauge) sheet metal on | inch (25.4 mm) mineral 
wool batts or ceramic fiber blanket reinforced with 
wire mesh or equivalent spaced | inch (25.4 mm) on 
noncombustible spacers is provided, there shall be 
a minimum of 3 inches (76 mm) clearance to com- 
bustible material. [NFPA 96:4.2.3.2] 


507.4.2.2 Field-Applied Grease Duct Enclo- 
sure. Where a clearance reduction system consist- 
ing of a listed and labeled field-applied grease duct 
enclosure material, system, product, or method of 
construction specifically evaluated for such purpose 
in accordance with ASTM E2336, the required 
clearance shall be in accordance with the listing. 
[NFPA 96:4.2.3.3] 


507.4.2.3 Zero Clearance. Zero clearance to lim- 
ited-combustible materials shall be permitted where 
protected by one of the following: 


(1) Metal lath and plaster. 
(2) Ceramic tile. 


(3) Quarry tile. 
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material extending to the floor, to the same level as 
required in Section 507.4. [NFPA 96:4.2.4.3] 


507.4.3.3 Protection Methods. The protection 
methods for ducts to reduce clearance shall be 
applied to the combustible or limited-combustible 
construction, not to the duct itself. [NFPA 96:4.2.4.4] 


507.4.4 Factory Built. Factory-built grease duct enclo- 
sures shall be protected with a through-penetration 
firestop system classified in accordance with ASTM 
E814 or UL 1479 having an “F” and a “T” rating equal | 
to the fire resistance rating of the assembly being pene- 
trated from the point at which the duct penetrates a ceil- 
ing, wall, or floor to the outlet terminal. [NFPA 96:4.3.3] 


507.4.4.1 Listing. The factory-built grease duct 
protection system shall be listed in accordance with 
UL 2221. [NFPA 96:4.3.3.1] i 


507.4.4.2 Single Wall. Listed single wall factory- 
built grease ducts shall be permitted to be enclosed 
with field-applied grease duct enclosure material 
where the material and the assembly of duct and mate- 
rial are listed for that application and installed in accor- 
dance with the grease duct manufacturer’s listing and 
their installation instructions. [NFPA 96:4.3.3.2] 


507.4.4.3 Installation. The factory-built grease | 
duct protection system shall be installed in accor- 
dance with the manufacturer’s instructions and the 
listing requirements. [NFPA 96:4.3.3.3] 


507.4.5 Field Applied. Field-applied grease duct enclo- 
sures shall be protected with a through penetration 
firestop system classified in accordance with ASTM E814 
or UL 1479 having an “F” and a “T” rating equal to the | 
fire resistance rating of the assembly being penetrated. 
The surface of the field fabricated grease duct shall be 
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continuously covered on all sides from the point at which 
the duct enclosure penetrates a ceiling, wall, or floor to 
the outlet terminal. The field-applied grease duct shall be 
listed in accordance with ASTM E2336 and installed in 
accordance with the manufacturer’s instructions and the 
listing requirements. [NFPA 96:4.3.1 — 4.3.1.2] 


507.4.6 Both Field-Applied and Factory Built. 
Field-applied grease duct enclosures and factory-built 
grease duct enclosures shall demonstrate that they pro- 
vide mechanical and structural integrity, resiliency, and 
stability where subjected to expected building environ- 
mental conditions, duct movement under general operat- 
ing conditions, and duct movement due to fire conditions. 
[NFPA 96:4.3.4] 


507.4.6.1 Physical Damage. Measures shall be 
taken to prevent physical damage to a material or 
product used for the purpose of reducing clearances. 


Exception: Where the duct is protected with a field- 
applied grease duct enclosure or factory-built grease 
duct enclosure. 


507.4.6.2 Specification. The specifications of mate- 
rial, gauge, and construction of the duct used in the 
testing and listing of field-applied grease duct enclo- 
sures and factory-built grease duct enclosures shall be 
included as minimum requirements in their listing and 
installation documentation. [NFPA 96:4.3.5] 


507.4.6.3 Clearance Options. The following 
clearance options for which field-applied grease 
duct enclosures and factory-built grease duct enclo- 
sures have been successfully evaluated shall be 
clearly identified in their listing and installation doc- 
umentation and on their labels: 


(1) Open combustible construction clearance at 
manufacturer’s requested dimensions. 


(2) Closed combustible construction clearance at 
manufacturer’s requested dimensions, with or 
without specified ventilation. 


(3) Rated shaft clearance at manufacturer’s 
requested dimensions, with or without specified 
ventilation. [NFPA 96:4.3.6] 


507.4.7 Building and Structural Contact. A duct 
shall be permitted to contact noncombustible floors, inte- 
rior walls, and other noncombustible structures or sup- 
ports, but it shall not be in contact for more than 50 
percent of its surface area for each linear foot of contact 
length. [NFPA 96:4.4.1] 


507.4.7.1 Corrosion Protection. Where duct 
contact must exceed the requirements of Section 
507.4.7, the duct shall be protected from corrosion. 
[NFPA 96:4.4.2] 

507.4.7.2 Zero Clearance. Where the duct is 
listed for zero clearance to combustibles or is other- 
wise protected with a material or product listed for 
the purpose of reducing clearance to zero, the duct 


shall be permitted to exceed the contact limits of 
Section 507.4.7 without additional corrosion pro- 
tection. [NFPA 96:4.4.3] 


507.4.8 Clearance Between Duct and Interior 
Surfaces. Clearances between the duct and interior sur- 
faces of enclosures shall meet the requirements of Sec- | 
tion 507.4 through Section 507.4.3.3. [NFPA 96:4.5] 


507.5 Drawings. A drawing(s) of the exhaust system installa- 
tion along with copies of operating instructions for subassem- | 
blies and components used in the exhaust system, including 
electrical schematics, shall be on the premises. [NFPA 96:4.6] 


507.6 Notification of Change. If required by the Author- | 
ity Having Jurisdiction, notification in writing shall be given 
of any alteration, replacement, or relocation of any exhaust 
or extinguishing system or part thereof or cooking equipment. 
[NFPA 96:4.7] 


Satisfaction shall be provided to the Authority Having 
Jurisdiction that the complete exhaust system as addressed in 
this chapter is installed and operable in accordance with the 
approved design and the manufacturer’s installation instruc- 
tions. 


507.7 Pharmaceutical Compounding Exhaust Dis- 
charge. [OSHPD 1, 2, 3, 4 & 5] Exhaust discharge from 
fans serving the compounding suite shall extend at least 7 feet 
(2134 mm) above the roof and discharge vertically upward. 
Self-draining stacks or equivalent shall be used for rain pro- 
tection. Rain caps which divert the exhaust toward the roof 
shall be prohibited. 


508.0 Type | Hoods. 


508.1 Where Required. Type I hoods shall be installed at 

or above commercial-type deep-fat fryers, broilers, grills, hot- 

top ranges, ovens, barbecues, rotisseries, and similar equip- 

ment that emits comparable amounts of smoke or grease in a 

food-processing establishment. For the purpose of this sec- 

tion, a food-processing establishment shall include a build- 

ing or portion thereof used for the processing of food, but 

shall not include a dwelling unit. 

Exceptions: 

(1) Cooking appliance that is in accordance with UL 710B 
for reduced emissions where the grease discharge does 
not exceed 2.9 E-09 ounces per cubic inch (0z/in*) (5.0 
E-06 kg/m?) where operated with a total airflow of 500 
cubic feet per minute (CFM) (0.236 m*/s). 

(2) Recirculating systems listed in accordance with UL 710B 
and installed in accordance with Section 516.0. 

508.2 Listed Type | Hood Assemblies. Listed hood 

assemblies shall be installed in accordance with the terms of 


assemblies shall be tested in accordance with UL 710 or 
equivalent. [NFPA 96:5.4.1, 5.4.2] 


508.2.1 Listed Ultraviolet Hoods. Listed ultraviolet 
hoods shall be installed and maintained in accordance 


their listing and the manufacturer’s instructions. Listed hood | 


with the terms of their listing and the manufacturer’s | 


instructions. Duct systems connected to ultraviolet hoods 
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shall comply with Section 510.0. Ultraviolet hoods shall 
be tested and listed in accordance with UL 710 and UL 
710C. [NFPA 96:5.5 — 5.5.2] 


508.2.2 Listed Ventilated Ceiling Technology. 
Listed ventilated ceiling technology shall be installed and 
maintained in accordance with the terms of its listing and 
the manufacturer's instructions. [NFPA 96:5.6] 


508.2.3 Construction of Listed Exhaust Hoods. 
Listed exhaust hoods with or without exhaust dampers 
shall be permitted to be constructed of materials required 
by the listing. [NFPA 96:5.1.6] 


508.2.4 Assembly of Listed Exhaust Hoods. 
Listed exhaust hoods with or without exhaust dampers 
shall be permitted to be assembled in accordance with 
the listing requirements. [NFPA 96:5.1.7] 


508.3 Construction of Type | Hoods. The hood or that 
portion of a primary collection means designed for collecting 
cooking vapors and residues shall be constructed of and be 
supported by steel not less than 0.048 of an inch (1.219 mm) 
(No. 18 MSG), in thickness, stainless steel not less than 0.036 
of an inch (0.914 mm) (No. 20 MSG) in thickness, or other 
approved material of equivalent strength and fire and corro- 
sion resistance. [NFPA 96:5.1.1] 


Exception: Listed exhaust hoods. 


508.3.1 Grease Vapor. Wall-mounted exhaust hood 
assemblies shall be tight fitting against the back wall so 
as to not permit passage of grease vapor behind the hood, 
or between the back wall and the hood assembly. [NFPA 
96:5°705] 


508.3.2 Seams, Joints, and Penetrations. All 
seams, joints, and penetrations of the hood enclosure that 
direct and capture grease-laden vapors and exhaust gases 
shall have a liquid-tight continuous external weld to the 
hood’s lower outermost perimeter. [NFPA 96:5.1.2] 


Exceptions: 


(1) Seams, joints, and penetrations of the hood shall be 
permitted to be internally welded, provided that the 
weld is formed smooth or ground smooth, so as to 
not trap grease, and is cleanable. [NFPA 96:5.1.3] 


(2) Penetrations shall be permitted to be sealed by 
devices that are listed for such use and whose pres- 
ence does not detract from the hood’s or duct’s 
structural integrity. [NFPA 96:5.1.5] 


508.3.2.1 Sealed. Internal hood joints, seams, fil- 
ter support frames, and appurtenances attached 
inside the hood shall be sealed or otherwise made 
greasetight. [NFPA 96:5.1.4] 


508.3.3 Eyebrow-Type Hoods. Eyebrow-type hoods 
over gas or electric ovens shall be permitted to have a 
duct constructed as required in Section 510.0 from the 
oven flue(s) connected to the hood canopy upstream of 
the exhaust plenum, as shown in Figure 508.3.3. [NFPA 
Ora. Lied | 
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FIGURE 508.3.3 
TYPICAL SECTION OF EYEBROW-TYPE HOOD 
[NFPA 96: FIGURE 5.1.8.1] 


508.3.3.1 Duct Connection. The duct connect- 
ing the oven flue(s) to the hood canopy shall be con- 
nected with a continuous weld or have a duct-to-duct 
connection. [See Figure 511.1.2(2) through Figure 
511.1.2(4)] [NFPA 96:5.1.8.2] 


508.3.4 Insulation. Insulation materials other than 
electrical insulation shall have a flame spread index of 
25 or less, when tested in accordance with ASTM E84 or 
UL 723. Adhesives or cements used in the installation of 
insulating materials shall comply with the requirements 
of this section when tested with the specific insulating 
material. [NFPA 96:5.1.9, 5.1.10] 


508.3.5 Exhaust Hood Assemblies with Integrated 
Supply-Air Plenums. The construction and size of 
exhaust hood assemblies with integrated supply air 
plenums shall comply with the requirements of Section | 
508.2.3 through Section 508.3.4 and Section 508.5. [NFPA 
96:5.3.1] 


508.3.5.1 Outer Shell. The construction of the outer 
shell or the inner exhaust shell shall comply with Sec- | 
tion 508.2.3 through Section 508.3.4. [NFPA 96:5.3.2] 


508.3.5.2 Inner Shell. Where the outer shell is 
welded, the inner shell shall be of greasetight con- 
struction. [NFPA 96:5.3.3] 


508.3.5.3 Fire Dampers. A fire-actuated damper 
shall be installed in the supply air plenum at each 
point where a supply air duct inlet or a supply air 
outlet penetrates the continuously welded shell of 
the assembly. [NFPA 96:5.3.4.1] 
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508.3.5.3.1 Listing. The fire damper shall be 508.5.1.2 Extra-Heavy-Duty Cooking Appli- @ 
listed for such use or be part of a listed exhaust ances. The minimum net airflow for hoods used for 
hood with or without exhaust damper. [NFPA solid fuel cooking appliances such as charcoal, bri- 
96:5.3.4.2] quette, and mesquite to provide the heat source for 
508.3.5.3.2 Actuating Temperature. The cooking shall be in accordance with Table 508.5.1.2. 
actuation device shall have a maximum tem- TABLE 508.5.1.2 

perature rating of 286°F (141°C). [NFPA EXTRA-HEAVY-DUTY COOKING APPLIANCE AIRFLOW 
96:5.3.4.3] : TYPE OF HOOD | AIRFLOW (cubic foot per minute 
508.3.5.3.3 Exemption. Supply air plenums per linear foot of hood) 

that discharge air from the face rather than from ck: = ieee: “ 
the bottom 5 into the exhaust hood and that are Backahal i pessevel = oe NEC Pe ae 4 
isolated from the exhaust hood by the continu- Double island canopy (per side) he OO ae 
ously welded shell extending to the lower out- Eyebrow — &. O€ fe “Not permitted = 
ermost perimeter of the entire hood assembly Single island canopy 700. 

shall not require a fire-actuated damper. [NFPA Wail-mounted canopy 550 

96:5.3.4.4] 


; For SI units: 1 cubic foot per minute = 0.00047 m/s, 1 foot = 304.8 mm 
508.4 Supports. Hoods shall be secured in place [OSHPD 


1, 1R, 2,4 & 5] to resist the lateral loads given in the Califor- 
nia Building Code, Title 24, Part 2 by noncombustible sup- 
ports. The supports shall be capable of supporting the 
expected weight of the hood and plus 800 pounds (362.9 kg). 


508.5 Hood Size. Hoods shall be sized in accordance with 
the airflow capacity in accordance with Section 508.5.1.1 and 
installed to provide for the removal of heat, and capture and 


508.5.1.3 Heavy-Duty Cooking Appliances. 
The minimum net airflow for hoods used for cook- 
ing appliances such as gas under-fired broilers, gas 
chain (conveyor) broilers, electric and gas wok 
ranges, and electric and gas over-fired (upright) 
broilers shall be in accordance with Table 508.5.1.3. 


removal of grease-laden vapors in accordance with Section TABLE 508.5.1.3 
eh ee HEAVY-DUTY COOKING APPLIANCE AIRFLOW 
508.5.1 Canopy Size and Location. For canopy TYPE OF HOOD AIRFLOW (cubic foot per minute per 
type commercial cooking hoods, the inside edge thereof linear foot of hood) 
shall overhang or extend a horizontal distance of not less Backshelepasovee 400 
than 6 inches (152 mm) beyond the edge of the cooking 
surface on open sides, and the vertical distance between Double island canopy (per side) 400 
the lip of the hood and the cooking surface shall not Eyebrow ] Not permitted 
exceed 4 feet (1219 mm). Single island canopy 600 oN 
Exception: Listed exhaust hoods are to be installed in Wall-mounted canopy 400 
accordance with the terms of their listings and the man- For SI units: 1 cubic foot per minute = 0.00047 m?/s, 1 foot = 304.8 mm 
ufacturer’s installation instructions. 
508.5.1.1 Capacity of Hoods. Canopy-type com- 508.5.1.4 Medium-Duty Cooking Appliances. 


mercial cooking hoods shall exhaust through the 
hood with a quantity of air not less than determined 
by the application in accordance with Section 
508.5.1.2 through Section 508.5.1.5. The exhaust 
quantity shall be the net exhaust from the hood 
determined in accordance with Equation 508.5.1.1. 
The duty level for the hood shall be the duty level of 
the appliance that has the highest (heaviest) duty 
level of appliances installed underneath the hood. 


The minimum net airflow for hoods used for cooking 
appliances such as electric and gas hot-top ranges, 
gas open-burner ranges (with or without oven), elec- 
tric and gas flat griddles, electric and gas double- 
sided griddles, electric and gas fryers (including open 
deep fat fryers, donut fryers, kettle fryers, and pres- 
sure fryers), and electric and gas conveyor pizza 
ovens shall be in accordance with Table 508.5.1.4. 


Exception: Listed exhaust hoods installed in accor- TABLE 508.5.1.4 
dance with the manufacturer’s installation instruc- MEDIUM-DUTY COOKING APPLIANCE AIRFLOW 
tions. | BP ET i. AIRFLOW (cubic foot per minute 
per linear foot of hood) 
Ener = Exoop — MAip (Equation 508.5.1.1) Backshelf/pass-over _ oc 300 
Double island canopy (per side) | 300 
Where: Eyebrow 250 
Engr =. net hood exhaust Single island canopy _ _ 500 
Exyoop =. total hood exhaust Wall-mounted canopy 300 


Medd ‘ its: i : = 3 = 
MAip = makeup air, internal discharge For SI units: 1 cubic foot per minute = 0.00047 m?/s, 1 foot = 304.8 mm 
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508.5.1.5 Light-Duty Cooking Appliances. The 
minimum net airflow for hoods used for cooking 
appliances such as gas and electric ovens (including 
standard, bake, roasting, revolving, retherm, convec- 
tion, combination convection/steamer, rotisserie, 
countertop conveyorized baking/finishing, deck, and 
pastry), discrete element ranges (with or without 
oven), electric and gas steam-jacketed kettles less 
than 20 gallons (76 L), electric and gas pasta cook- 
ers, electric and gas compartment steamers (both 
pressure and atmospheric), electric and gas cheese 
melters, electric and gas tilting skillets (braising pans) 
electric and gas rotisseries, and electric and gas sala- 
manders shall be in accordance with Table 508.5.1.5. 


TABLE 508.5.1.5 
LIGHT-DUTY COOKING APPLIANCE AIRFLOW 


THER ORHOOD pes AATAO Cae oek ee 
Backshelf/pass-over 250 
Double island canopy (per side) 250 
Eyebrow 250 
Single island canopy 400 
_Wall-mounted canopy 200 | 


For SI units: 1 cubic foot per minute = 0.00047 m?/s, 1 foot = 304.8 mm 


508.5.2 Noncanopy-Type Hoods. Noncanopy-type 
commercial cooking hoods shall be installed and sized 
in accordance with the manufacturer’s installation 
instructions, and Section 508.5.2.1 and Section 508.5.2.2. 


Exception: Listed hood assemblies designed and 
installed specifically for the intended use. 


508.5.2.1 Installation. Noncanopy-type commer- 
cial cooking hoods shall be installed with the edge of 
the hood set back not more than | foot (305 mm) 
from the edge of the cooking surface, and the verti- 
cal distance between the lip of the hood and the 
cooking surface shall not exceed 3 feet (914 mm). 


508.5.2.2 Capacity. In addition to other require- 
ments for hoods specified in this section, the volume 
of air exhausting through a noncanopy-type hood to 
the duct system shall be not less than 300 cubic feet 
per minute per lineal foot [(ft?/min)/ft)] [0.464 
(m?/s)/m] of cooking equipment. Listed noncanopy 
exhaust hoods and filters shall be sized and installed 
in accordance with the terms of their listing and the 
manufacturer’s installation instructions. 
508.5.3 Labeling. Type I hoods shall bear a label indi- 
cating the exhaust flow rate in cubic feet per minute per 
lineal foot [(m?/s)/m]. 
508.6 Solid-Fuel Hood Assemblies. Where solid-fuel 
cooking equipment is to be used, the solid-fuel hood assem- 
bly shall be in accordance with Section 517.0. 
508.7 Exhaust Outlets. An exhaust outlet within an 
unlisted hood shall be located so as to optimize the capture of 
particulate matter. Each outlet shall serve not more than a 12 
foot (3658 mm) section of an unlisted hood. 
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509.0 Grease Removal Devices in Hoods. 


509.1 Grease Removal Devices. Listed grease filters or 
other listed grease removal devices intended for use with 
commercial cooking operations shall be provided. Listed 
grease filters and grease removal devices that are removable 
but not an integral component of a specific listed exhaust 
hood shall be listed in accordance with UL 1046 and shall be 
designated on the filter. [NFPA 96:6.1.1, 6.1.2] 


509.1.1 Grease Filters, Mesh-Type. Mesh filters shall 
not be used unless evaluated as an integral part of a listed 
exhaust hood or listed in conjunction with a primary fil- 
ter in accordance with UL 1046. [NFPA 96:6.1.3] 


509.2 Installation. The distance between the grease removal 
device and the cooking surface shall be as great as possible 
but not less than 18 inches (457 mm). [NFPA 96:6.2.1.1] 


509.2.1 Vertical Distance. Where grease removal 
devices are used in conjunction with solid fuel or solid 
fuel-type broilers, including gas or electrically heated 
charbroilers, a minimum vertical distance of 4 feet (1219 
mm) shall be maintained between the lower edge of the 
grease removal device and the cooking surface. [NFPA 
96:6.2:1:2] 


Exceptions: 


(1) For cooking equipment without exposed flame and 
where flue gases bypass grease removal devices, the 
minimum vertical distance shall be permitted to be 
reduced to not less than 6 inches (152 mm). [NFPA 
966.2413] 


(2) Where a grease removal device is listed for separa- 
tion distances less than those required in Section 
509.2 and Section 509.2.1, the listing requirements 
shall be permitted. [NFPA 96:6.2.1.4] 


(3) Grease removal devices supplied as part of listed 
hood assemblies shall be installed in accordance 
with the terms of the listing and the manufacturer’s 
instructions. [NFPA 96:6.2.1.5] 


509.2.2 Grease Removal Device Protection. 
Where the distance between the grease removal device 
and the appliance flue outlet (heat source) is less than 18 
inches (457 mm), grease removal devices shall be pro- 
tected from combustion gas outlets and from direct flame 
impingement occurring during normal operation of cook- 
ing appliances producing high flue gas temperatures. 
[NFPA 96:6.2.2.1] 


509.2.2.1 Installation. This protection shall be 
permitted to be accomplished by the installation of 
a steel or stainless steel baffle plate between the heat 
source and the grease removal device. [NFPA 
96:6.2.2.2] 

509.2.2.2 Size and Location. The baffle plate 
shall be sized and located so that flames or combus- 
tion gases travel a distance not less than 18 inches 
(457 mm) from the heat source to the grease removal 
device. [NFPA 96:6.2.2.3] 

509.2.2.3 Clearance. The baffle shall be located 
not less than 6 inches (152 mm) from the grease 
removal device. [NFPA 96:6.2.2.4] 
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509.2.3 Grease Filters. Grease filters shall be listed 
and constructed of steel or other non-combustible mate- 
rial, and shall be of rigid construction that will not distort 
or crush under normal operation, handling, cleaning, or 
replacement. [SFM] For applications listed in Section 
1.11.0 regulated by the Office of the State Fire Marshal, 
grease filters shall be Class I when tested in accordance 
with the test method in Title 24, Part 12, Chapter 12-71, 
SFM Standard 12-71-1. 


509.2.3.1 Arrangement. Grease filters shall be 
arranged so that all exhaust air passes through the 
grease filters. [NFPA 96:6.2.3.4] 


509.2.3.2 Accessibility. Grease filters shall be 
easily accessible for removal. [NFPA 96:6.2.3.5] 


509.2.3.3 Angled Installation. Grease filters 
shall be installed at an angle not less than 45 degrees 
(0.79 rad) from the horizontal. [NFPA 96:6.2.3.6] 


509.2.3.4 [DPH] Grease filters shall be Class I 
when tested in accordance with the test method in 
SEPM I2-/ 1-1. 


509.2.4 Grease Drip Trays. Grease filters shall be 
equipped with a grease drip tray beneath their lower 
edges. [NFPA 96:6.2.4.1] 


509.2.4.1 Size and Pitch. Grease drip trays shall 
be kept to the minimum size needed to collect grease. 
Grease drip trays shall be pitched to drain into an 
enclosed metal container having a capacity not 
exceeding | gallon (4 L). [NFPA 96:6.2.4.2, 6.2.4.3] 


509.2.5 Grease Filter Orientation. Grease filters that 
require a specific orientation to drain grease shall be 
clearly so designated on the face of the filter as to be vis- 
ible with the filter installed, or the hood or filter shall be 
constructed so that filters cannot be installed in the wrong 
orientation. [NFPA 96:6.2.5] 

509.3 Solid-Fuel Grease Removal Devices. Where 

solid-fuel cooking equipment is provided with grease removal 


devices, these devices shall be in accordance with Section 
Sin). 


510.0 Exhaust Duct Systems. 

510.1 General. Ducts shall not pass through fire walls. 

[NFPA 96:7.1.1] 
510.1.1 Fire Hazards. All ducts shall lead directly to 
the exterior of the building, so as not to unduly increase 
any fire hazard. [NFPA 96:7.1.2] 
510.1.2 Interconnection. Duct systems shall not be 
interconnected with any other building ventilation or 
exhaust system. [NFPA 96:7.1.3] 
510.1.3 Duct Installation. All ducts shall be installed 
with a minimum 2 percent slope on horizontal runs up to 
75 feet (22 860 mm) and a minimum 8 percent slope on 
horizontal runs greater than 75 feet (22 860 mm). Fac- 
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tory-built grease ducts shall be permitted to be installed 
at a lesser slope in accordance with the listing and the 
manufacturer’s instructions. All horizontal ducts shall be 
provided with access in accordance with Section 510.3.3. 


Drains shall be provided at low points in horizontal 
ducts. Where provided, drains shall be continuously 
welded to the exhaust duct in accordance with the terms 
of the listing and the manufacturer’s installation manual. 


All ducts shall be installed without forming dips or 
traps. In manifold (common duct) systems, the lowest 
end of the main duct shall be connected flush on the bot- 
tom with the branch duct. [NFPA 96:7.1.4 — 7.1.4.5] 


510.1.4 Accessibility. Openings required for accessi- 
bility shall comply with Section 510.3 through Section 
510.3.2. [NFPA 96:7.1.5] 


510.1.5 Sign. A sign stating the following shall be 
placed on all access panels: 


ACCESS PANEL — DO NOT OBSTRUCT [NFPA 
96:7.1.6] 


510.1.6 Bracing and Supports. Duct bracing and 
supports shall be of noncombustible material, securely 
attached to the structure and designed to carry gravity 
and lateral loads within the stress limitations of the build- 
ing code. Bolts, screws, rivets, and other mechanical fas- 
teners shall not penetrate duct walls. 


510.1.7 Type | Exhaust Duct Systems. Listed grease 
ducts shall be installed in accordance with the terms of 
their listing and the manufacturer’s instructions. [NFPA 
9627 


510.2 Clearance. Clearance between ducts and combustible 
materials shall be provided in accordance with the requirements 
of Section 507.4 through Section 507.4.3.3. [NFPA 96:7.2] 


510.3 Openings. Openings shall be provided at the sides or 
at the top of the duct, whichever is more accessible, and at 
changes of direction. Openings shall be protected by approved 
access constructed and installed in accordance with the 
requirements of Section 510.3.7. [NFPA 96:7.3.1, 7.3.2] 


Exception: Openings shall not be required in portions of the 
duct that are accessible from the duct entry or discharge. 
[NFPA 96:7.3.3] 


510.3.1 Access Panel. For hoods with dampers in the 
exhaust or supply collar, an access panel for cleaning and 
inspection shall be provided in the duct or the hood within 
18 inches (457 mm) of the damper. [NFPA 96:7.3.4] 


Exception: Dampers that are accessible from under the 
hood. 


510.3.2 Access for Cleaning and Inspection. 
Exhaust fans with ductwork connected to both sides shall 
have access for cleaning and inspection within 3 feet 
(914 mm) of each side of the fan. Wall-mounted exhaust 
fans shall have access for cleaning and inspection within 
3 feet (914 mm) of the exhaust fan. [NFPA 96:7.3.7, 
Pa] 
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510.3.3 Horizontal Ducts. On horizontal ducts, at 
least one 20 inch by 20 inch (508 mm by 508 mm) open- 
ing shall be provided for personnel entry. [NFPA 
96:7.4.1.1] 


510.3.3.1 Cleaning. Where an opening of the size 
specified in Section 510.3.3 is not possible, open- 
ings large enough to permit thorough cleaning shall 
be provided at 12 feet (3658 mm) intervals. [NFPA 
96:7.4.1.2] 


510.3.3.2 Safe Access and Work Platform. If 
not easily accessible from a 10 foot (3048 mm) 
stepladder, openings on horizontal grease duct sys- 
tems shall be provided with safe access and a work 
platform. [NFPA 96:7.4.1.3] 


510.3.3.3 Support. Support systems for horizon- 
tal grease duct systems 24 inches (610 mm) and 
larger in any cross-sectional dimension shall be 
designed for the weight of the ductwork plus 800 
pounds (362.9 kg) at any point in the duct systems. 
[NFPA 96:7.4.1.4] 


510.3.4 Vertical Ducts. On vertical ductwork where 
personnel entry is possible, access shall be provided at 
the top of the vertical riser to accommodate descent. 
[NFPA 96:7.4.2.1] 


510.3.4.1 Access. Where personnel entry is not 
possible, adequate access for cleaning shall be pro- 
vided on each floor. [NFPA 96:7.4.2.2] 


510.3.4.2 Safe Access and Work Platform. If 
not easily accessible from the floor or a 10 foot 
(3048 mm) stepladder, openings on vertical grease 
ducts shall be provided with safe access and a work 
platform. [NFPA 96:7.4.2.3] 


510.3.5 Nonlisted Ductwork. On nonlisted ductwork, 
the edge of the opening shall be not less than 14 inches 
(38 mm) from all outside edges of the duct or welded 
seams. [NFPA 96:7.4.1.5] 


510.3.6 Access Panels. Access panels shall be of the 
same material and thickness as the duct. Access panels 
shall have a gasket or sealant that is rated for 1500°F 
(816°C) and shall be greasetight. Fasteners, such as bolts, 
weld studs, latches, or wing nuts, used to secure the access 
panels shall be carbon steel or stainless steel and shall not 
penetrate duct walls. [NFPA 96:7.4.3.1 — 7.4.3.3] 


510.3.6.1 Listed Grease Ducts. Listed grease duct 
access door assemblies (access panels) shall be 
installed in accordance with the terms of the listing 
and the manufacturer’s instructions. [NFPA 96:7.4.3.4] 
510.3.6.2 Within an Enclosure. Where openings 
are located in ducts within an enclosure, the access 
panel including its components shall be of the same 
fire rating as the enclosure. 

510.3.7 Fire Protection System Devices. Openings 

for installation, servicing, and inspection of listed fire 
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protection system devices and for duct cleaning shall be 
provided in ducts and enclosures and shall be in accor- 
dance with the requirements of Section 510.3 through 
Section 510.3.2 and Section 510.7.7. Enclosure openings 
required to reach access panels in the ductwork shall be 
large enough for removal of the access panel through the 
enclosure opening. [NFPA 96:7.4.4.1 — 7.4.4.2] | 


510.4 Listed Grease Ducts. Listed grease ducts shall be 
installed in accordance with the terms of the listing and the 
manufacturer’s instructions. [NFPA 96:7.1.7] | 


510.4.1 Factory-Built Grease Ducts. Factory-built 
grease ducts in accordance with UL 1978 shall be per- 
mitted to incorporate non-welded joints in accordance 
with their listings. 


510.5 Other Grease Ducts. Other grease ducts shall com- 
ply with the requirements of Section 510.5.1 through Section 
510°5.5..[. NFPA 96:7:5] 


510.5.1 Materials. Ducts shall be constructed of and 
supported by carbon steel not less than 0.060 of an inch 
(1.524 mm) (No. 16 MSG) in thickness or stainless steel 
not less than 0.048 of an inch (1.219 mm) (No. 18 MSG) 
in thickness. [NFPA 96:7.5.1.1] 


510.5.2 Factory-Built Grease Ducts. Factory-built 
grease ducts listed in accordance with UL 1978 shall be 
permitted to use materials in accordance with their list- 
ing. [NFPA 96:7.5.1.2] 


510.5.3 Installation. All seams, joints, penetrations, | 
and duct-to-hood collar connections shall have a liquid- 
tight continuous external weld. [NFPA 96:7.5.2.1] 


Exceptions: 


(1) Factory-built grease ducts listed in accordance with 
UL 1978 shall be permitted to incorporate non- 
welded joint construction in accordance with their 
listings. [NFPA 96:7.5.2.1.1] 


(2) Duct-to-hood collar connections as shown in Figure 
510.5.3 shall not require a liquidtight continuous 
external weld. [NFPA 96:7.5.2.2] 


(3) Penetrations shall be permitted to be sealed by other 
listed devices that are tested to be greasetight and are 
evaluated under the same conditions of fire severity 
as the hood or enclosure of listed grease extractors 
and whose presence does not detract from the hood’s 
or duct’s structural integrity. [NFPA 96:7.5.2.3] 

(4) Internal welding shall be permitted, provided the 
joint is formed or ground smooth and is readily 
accessible for inspection. [NFPA 96:7.5.2.4] 
510.5.3.1 Duct Leakage Test. Prior to the use of 
or concealment of any portion of a grease duct sys- | 
tem, a leakage test shall be performed to determine 
that all welded joints and seams are liquid tight. 
[NFPA 96:7.5.2.1.2] 
510.5.3.2 Welded Duct Connection. Accept- 
able duct-to-duct connection shall be as follows: 
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Hood top 


Perspective 


1 inch by 1 inch angle 


{rnin}, same gauae Square, rectangular 


or round in shape 


as duct 6 
(min) .D. of duct ||, ~ Continuous perimeter weld 
SII ‘inch less a 
than |.D. of ‘x. 4 inch weld studs or 
‘hood collar : _ bolts at each corner and ~ 
=] x4 inches (max) G 


pS 
Joint with 1500°F rated 
gasket or sealant 


Weld studs or bolts 
Y% inch steel (min) 


Detail of sealed hood-duct joint 


For SI units: 1 inch = 25.4 mm, °C = (°F-32)/1.8 
FIGURE 510.5.3 
PERMITTED DUCT-TO HOOD COLLAR CONNECTION 
[NFPA 96: FIGURE 7.5.2.2] 


Telescoping duct joint 


<«<—Exhaust duct 
Inside section 


fT Weld around 


Eh 2 inches(max) 


16-gauge (Veinch 
black iron) 


LD.inch) + “inch 
(max) 


Outside section 


For SI units: | inch = 25.4 mm 
Notes: 
1. Duct size decreases (going upward) with each telescope. 


2. Smaller (inside) duct section shall be above or uphill (on sloped duct), 
to be self draining into larger (outside) duct. 


FIGURE 510.5.3.2(1) 
TELESCOPING -TYPE DUCT CONNECTION 
[NFPA 96: FIGURE 75.5.1(a)] 
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Bell duct joint 


<«<— Exhaust duct 


rae Weld around 


LD. (inch) + 1/4 inch | 


Eh 2 inches (max) 


16-gauge (“sinch 


1.D. (inch) 


Male end 


Female end 


For SI units: 1 inch = 25.4 mm 
Notes: 
1. Duct size stays the same throughout the duct system. 
2. Smaller (inside) male duct end is always above or uphill (on sloped duct), 
to be self draining into larger (outside) female duct end. 
FIGURE 510.5.3.2(2) 
BELL-TYPE DUCT CONNECTION 
[NFPA 96: FIGURE 7.5.5.1(b)] 


FIGURE 510.5.3.2(3) 
FLANGE WITH EDGE WELD DUCT CONNECTION 
[NFPA 96: FIGURE 75.5.1(c)] 


FIGURE 510.5.3.2(4) 
FLANGE WITH FILLED WELD DUCT CONNECTION 
[NFPA 96: FIGURE 7.5.5.1(d)] 
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(1) Telescoping joint, as shown 


510.5.3.2(1). 
(2) Bell-type joint, as shown in Figure 510.5.3.2(2). 


(3) Flange with edge weld, as shown in Figure 
SLO. S26. 


(4) Flange with filled weld, as shown in Figure 
510.5.3.2(4). [NFPA 96:7.5.5.1] 


510.5.4 Butt Welded Connections. Butt welded con- 
nections shall not be permitted. [NFPA 96:7.5.5.2] 


510.5.5 Telescoping and Bell-Type Connections. 
For telescoping and bell-type connections, the inside duct 
section shall always be uphill of the outside duct section. 
[NFPA 96:7.5.5.3] The overlap shall not exceed 2 inches 
(51 mm) as shown in Figure 510.5.3.2(1). 


510.5.6 Duct Leakage Test. Prior to the use of or con- 
cealment of a grease duct system, a leakage test shall be 
performed to determine that welded joints and seams are 
liquid tight. The leakage test shall consist of a light test, 
water pressure test, or an approved equivalent test. The 
permit holder shall be responsible for providing the nec- 
essary equipment and for performing the test. Such test 
shall be conducted in accordance with ASHRAE 154. 


510.6 Exterior Installations. The exterior portion of the 
ductwork shall be vertical wherever possible and shall be 
installed and supported on the exterior of a building. Bolts, 
screws, rivets, and other mechanical fasteners shall not pen- 
etrate duct walls. Clearance of ducts shall comply with Sec- 
tion 507.4 through Section 507.4.3.3. [NFPA 96:7.6.1 — 7.6.3] 


| 510.6.1 Weather Protection. All ducts shall be pro- 
tected on the exterior by paint or other suitable weather- 
protective coating. Ducts constructed of stainless steel 
shall not be required to have additional paint or weather- 
protective coatings. Ductwork subject to corrosion shall 
have minimal contact with the building surface. [NFPA 
96:7.6.4 — 7.6.6] 


| 510.7 Interior Installations. In all buildings more than one 
story in height and in one-story buildings where the roof-ceil- 
ing assembly is required to have a fire resistance rating, the 
ducts shall be enclosed in a continuous enclosure extending 
from the lowest fire-rated ceiling or floor above the hood, 

| through any concealed spaces, to or through the roof, to main- 
tain the integrity of the fire separations required by the appli- 
cable building code provisions. The enclosure shall be sealed 
around the duct at the point of penetration of the first fire- 
rated barrier after the hood, to maintain the fire resistance rat- 
ing of the enclosure. The enclosure shall be vented to the 
exterior of the building through weather-protected openings. 
[NFPA 96:7.7.1.2 — 7.7.1.4] 


Exception: The continuous enclosure provisions shall not be 
required where a field-applied grease duct enclosure or a fac- 
tory-built grease duct enclosure (see Section 507.4.4 through 
Section 507.4.6) is protected with a listed duct-through-pen- 
etration protection system equivalent to the fire resistance rat- 


in Figure 
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ing of the assembly being penetrated and where the materials 
are installed in accordance with the conditions of the listings 
and the manufacturer’s instructions and are acceptable to the | 
Authority Having Jurisdiction. [NFPA 96:7.7.1.5] 


510.71 Less than Four Stories. Buildings less than 
four stories in height shall have an enclosure with a fire 
resistance rating of not less than 1 hour. [NFPA 
967701 ,4) 


510.72 Four Stories or More. Buildings four stories 
or more in height shall have an enclosure with a fire resist- 
ance rating of not less than 2 hours. [NFPA 96:7.7.2.1.2] 


510.7.3 Clearance. Clearance from the duct or the 
exhaust fan to the interior surface of enclosures of com- 
bustible construction shall be not less than 18 inches (457 
mm). Clearance from the duct to the interior surface of | 
enclosures of noncombustible or limited-combustible 
construction shall be not less than 6 inches (152 mm). 
Provisions for reducing clearances as described in Sec- 
tion 507.4 through Section 507.4.3.3 shall not be appli- 
cable to enclosures. [NFPA 96:7.7.2.2.1 — 7.7.2.2.3] 


Exception: Clearance from the outer surfaces of field- 
applied grease duct enclosures and factory-built grease 
duct enclosures to the interior surfaces of construction 
installed around them shall be permitted to be reduced 
where the field-applied grease duct enclosure materials 
and factory-built grease duct enclosures are installed in 
accordance with the conditions of the listing and the man- 
ufacturer’s instructions and are acceptable to the Author- | 
ity Having Jurisdiction. [NFPA 96:7.7.2.2.4] 


510.7.4 Mechanical and Structural Integrity. Field- 
applied grease duct enclosures and factory-built grease 
duct enclosures shall provide mechanical and structural 
integrity, resiliency, and stability when subjected to I 
expected building environmental conditions, duct move- 
ment under general operating conditions, and duct move- 
ment as a result of interior and exterior fire conditions. 
[NFPA 96:7.7.2.2.5] 


510.7.5 Materials. For field-applied grease duct enclo- 
sures and factory-built grease duct enclosures, the mate- 
rials and products shall be provided in accordance with 
Section 510.7.5.1 and Section 510.7.5.2. 


510.7.5.1 Protection from Physical Damage. 
Measures shall be taken to prevent physical damage 
to any covering or enclosure material. Any damage | 
to the covering or enclosure shall be repaired, and 
the covering or enclosure shall be restored to meet 
its intended listing and fire resistance rating and to 
be acceptable to the Authority Having Jurisdiction. 
[NER AS 96771 Shloal-) ane | 


510.7.5.2 Inspection. In the event of a fire within a 
kitchen exhaust system, the duct, the enclosure, and 
the covering directly applied to the duct shall be 
inspected by qualified personnel to determine whether 
the duct, the enclosure, and the covering directly 
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applied to the duct are structurally sound, capable of 
maintaining their fire protection functions, suitable 
for continued operation, and acceptable to the Author- 
ity Having Jurisdiction. [NFPA 96:7.7.3.3] 


510.7.6 Listed. For listed grease ducts, see Section 
510.4. 


510.7.7 Fire Doors. Where openings in the enclosure 
walls are provided, they shall be protected by listed fire 
doors of proper rating. Fire doors shall be installed in 
accordance with NFPA 80. Openings on other listed 
materials or products shall be clearly identified and 
labeled according to the terms of the listing and the man- 
ufacturer’s instructions and shall be acceptable to the 
Authority Having Jurisdiction. [NFPA 96:7.7.4.1 — 
7.7.4.3] The fire door shall be readily accessible, aligned, 
and of sufficient size to allow access to the rated access 
panels on the ductwork. [NFPA 96:7.7.4.4] 


510.7.8 Ducts with Enclosure(s). Each duct system 
shall constitute an individual system serving only exhaust 
hoods in one fire zone on one floor. Multiple ducts shall 
not be permitted in a single enclosure unless acceptable to 
the Authority Having Jurisdiction. [NFPA 96:7.7.5.1 — 
Taloisay 


510.8 Underground Installations. Grease ducts installed 
underground shall be approved for underground installation. 
The material of the grease duct shall be corrosion-resistant 
and shall comply with Section 510.5.1. 


510.8.1 Grease Receptacle. The grease duct shall be 
sloped to drain the grease back to an approved grease 
collection device. A grease collection device shall be 
located at the base of the vertical riser. 


510.8.2 Cleanouts. For horizontal installations, 
cleanouts for cleaning and maintenance shall be provided 
on the top portion of the grease duct in accordance with 
Section 510.3 and shall be labeled at the interior portion 
of the duct. 


510.9 Termination of Type | Hood Exhaust System. 
The exhaust system shall terminate as follows: 


(1) 
(2) 
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Outside the building with a fan or duct. 


Through the roof or to the roof from outside, as in Section 
510.9.1, or through a wall, as in Section 510.9.2. [NFPA 
96:7.8.1] 

510.9.1 Rooftop Terminations. Rooftop terminations 
shall be arranged with or provided with the following: 
(1) A minimum of 10 feet (3048 mm) of horizontal 


clearance from the outlet to adjacent buildings, prop- 
erty lines, and air intakes. 


(2) A minimum of 5 feet (1524 mm) of horizontal clear- 
ance from the outlet (fan housing) to any com- 
bustible structure. 

(3) A vertical separation of 3 feet (914 mm) above any 
air intakes within 10 feet (3048 mm) of the exhaust 
outlet. 


weet vat 


Wind direction 


Outside air intake 
For SI units: 1 inch= 25.4 mm, | foot = 304.8 mm 


(4) The ability to drain grease out of any traps or low | 
points formed in the fan or duct near the termination 
of the system into a collection container that is non- 
combustible, closed, rainproof, and structurally 
sound for the service to which it is applied and that | 
will not sustain combustion. 

(5) A grease collection device that is applied to exhaust 
systems that does not inhibit the performance of any | 
fan. 

(6) Listed grease collection systems that meet the require- 
ments of Section 510.9.1(4) and Section 510.9.1(5). 

(7) A listed grease duct complying with Section 507.4.7 
or ductwork complying with Section 507.4.8. 


(8) A hinged upblast fan supplied with flexible weath- 
erproof electrical cable and service hold-open 
retainer to permit inspection and cleaning that is 
listed for commercial cooking equipment with the 
following conditions: 


(a) Where the fan attaches to the ductwork, the 
ductwork is a minimum of 18 inches (457 mm) 
away from any roof surface, as shown in Fig- 
ings) 10.9.1. 

(b) The fan discharges a minimum of 40 inches 
(1016 mm) away from any roof surface, as 
shown in Figure 510.9.1. 

(9) Other approved fan, provided it meets all of the fol- | 
lowing criteria: 

(a) The fan meets the requirements of Section | 
510.9.1(3) and Section 511.1.3. 


(b) Its discharge or its extended duct discharge 
meets the requirements of Section 510.9.1(2). | 
(See Section 511.1.3) 


(c) Exhaust fan discharge is directed up and away 
from the roof surface. [NFPA 96:7.8.2.1] 


Vas 


Wid Exhaust air 


(eee 


40 inches (min) 


Possible 
roof line 


Exhaust 
blower 


18 inch (min) 


Roof curb 


FIGURE 510.9.1 
UPBLAST FAN CLEARANCES 
[NFPA 96: FIGURE 7.8.2.1] 
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510.9.1.1 Listed Vibration Isolation Connec- 
tors. Listed vibration isolation connectors shall be 
permitted to be used on exterior roof locations where 
required for proper equipment vibration isolation. 
510.9.1.2 Inspection and Cleaning. Fans shall 
be provided with safe access and a work surface for 
inspection and cleaning. [NFPA 96:7.8.2.2] 

510.9.2 Wall Terminations. Wall terminations shall be 

arranged with or provided with the following properties: 

(1) The termination shall be through a noncombustible 
wall with a minimum of 10 feet (3048 mm) of clear- 
ance from the outlet to adjacent buildings, property 
lines, grade level, combustible construction, electri- 
cal equipment or lines, and with the closest point of 
any air intake or operable door or window at or 
below the plane of the exhaust termination. The 
closest point of any air intake or operable door or 
window above the plane of the exhaust termination 
shall be a minimum of 10 feet (3048 mm) in dis- 
tance, plus 3 inches (76 mm) for each | degree 
(0.017 rad) from horizontal, the angle of degree 
being measured from the center of the exhaust ter- 
mination to the center of the air intake or operable 
door or window, as indicated in Figure 510.9.2. 
Exception: A wall termination in a secured area shall 
be permitted to be at a lower height above grade if 
acceptable to the Authority Having Jurisdiction. 

(2) The exhaust flow shall be directed perpendicularly 
outward from the wall face or upward. 

(3) All the ductwork shall be pitched to drain the grease 
back into the hood(s) or with a drain provided to 
bring the grease back into a container within the 
building or into a remote grease trap. 

(4) A listed grease duct shall comply with Section 
510.3.3 through Section 510.3.7; other ducts shall 
comply with Section 510.5. 

(5) An approved fan shall meet the requirements of Sec- 
tion 510.9.2(3), and Section 511.1.1 or Section 
511.1.3. [NFPA 96:7.8.3] 

510.10 Solid-Fuel Duct Systems. Where solid-fuel cook- 
ing equipment is to be vented, the duct system shall be in 
accordance with Section 517.0. 


511.0 Air Movement. 

511.1 Exhaust Fans for Commercial Cooking Opera- 

tions. Exhaust fans shall be installed in accordance with Sec- 

tion 511.1.1 through Section 511.1.6. Exhaust fans shall 

comply with UL 762 and be installed in accordance with the 

manufacturer’s installation instructions. 
511.1.1 Upblast Fans. Upblast fans with motors sur- 
rounded by the airstream shall be hinged and supplied 
with flexible weatherproof electrical cable, and service 
hold-open retainers. Installation shall conform to the 
requirements of Section 510.9. Upblast fans shall have a 
drain directed to a readily accessible and visible grease 
receptacle not to exceed | gallon (4 L). [NFPA 96:8.1.2.1 
— 8.1.2.3] 
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iii) 


32.5 tt 
[> | FAI 
‘ | al (4 ) 
es 
/24 25 tt 
ee 4 
FAI 90° -\ ye 
J 
Las 
4 Ue vy ~ |... Horizontal 
4 k ‘Exhaust 19 ft Al 
(5) 
1Of 
(1) Y Grade 
For SI units: 1 inch = 25.4 mm, | foot = 304.8 mm 


Notes: 


1. Fresh air intake (FAI) applies to an air intake, including an operable door 
or window. 


2. Example: 


(a) FAIs 1 and 5 are on the same plane of exhaust or lower: 10 feet (3048 i 
mm) min. between closest edges. 


(b) FAIs 2, 3, and 4 are above plane of exhaust fan: 


10 feet + 0.25 feet (3048 mm + 76 mm) per degree between closest 
edges. 


FIGURE 510.9.2 
EXHAUST TERMINATION DISTANCE FROM FRESH AIR INTAKE 
(FAl) OR OPERABLE DOOR OR WINDOW 
[NFPA 96: FIGURE 7.8.3] 


511.1.2 In-Line Exhaust Fans. In-line fans shall be 
of the type with the motor located outside the airstream 
and with belts and pulleys protected from the airstream 
by a greasetight housing. In-line fans shall be connected 
to the exhaust duct by flanges securely bolted as shown 
in Figure 511.1.2(1) through Figure 511.1.2(4), or by a 
system specifically listed for such use. Flexible connec- 
tors shall not be used. [NFPA 96:8.1.3.1 — 8.1.3.3] 


511.1.2.1 Accessibility. If the design or position- I 
ing of the fan allows grease to be trapped, a drain 
directed to a readily accessible and visible grease 
receptacle not exceeding | gallon (4 L), shall be pro- 
vided. In-line exhaust fans shall be located in easily 
accessible areas of adequate size to allow for service 
or removal. Where the duct system connected to the 
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Ys inch carbon steel or 
dag ats» eaten 1500°F stainless steel bolts 
protected from direct rated gasket 4 inch (max) on center 
contact with 025° / iia rt arte 
inch by 1 inch by 1% inc 
«~~ angle flange 


Continuous Lock washer 
perimeter 


weld (typ.) 
Unassembled position 
For SI units: 1 inch = 25.4 mm, °C = (°F-32)/1.8 


Assembled position 


FIGURE 511.1.2(1) 
TYPICAL SECTION OF DUCT-TO-FAN 
CONNECTION-BUTT JOINT METHOD 
[NFPA 96: FIGURE 8.1.3.2(a)] 


Y4 inch carbon steel or 
stainless steel bolts 
4 inch (max) on center 


Flanges to be positioned 
so that the gasket is 1500°F 
protected from direct rated gasket 


contact with grease 
g Minimum 1 inch 


1 inch by '/e inch 
ar «~~ angle flange 


Y inch (min) | hi 


/ Nas Lock washer 


Continuous 
perimeter 
weld (typ.) 
Unassembled position 
For SI units: | inch = 25.4 mm, °C = (°F-32)/1.8 


Assembled position 


FIGURE 511.1.2(2) 
TYPICAL SECTION OF DUCT-TO-FAN 
CONNECTION-OVERLAPPING METHOD 
[NFPA 96: FIGURE 8.1.3.2(b)] 


fan is in an enclosure, the space or room in which 
the exhaust fan is located shall have the same fire 
resistance rating as the enclosure. [NFPA 96:8.1.3.4 
— 8.1.3.6] 


511.1.3 Utility Set Exhaust Fans. Utility set exhaust 
fans shall be installed in accordance with Section 
511.1.3.1 through Section 511.1.3.3. 


511.1.3.1 At the Rooftop. Fans installed at the 
rooftop termination point shall be in accordance 
with the following: 


(1) Section 510.9.1 and Section 510.9.1.2. 
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1500°F rated sealant 


Ti 7 


Unassembled position 


rated gasket 


Unassembled position 
For SI units: 1 inch = 25.4 mm, °C = (°F-32)/1.8 


YW, inch carbon steel or 
stainless steel bolts 
4 inch (max) on center 


Minimum 
1 inch flange 


ae Lock washer 


Assembled position 


For SI units: 1 inch = 25.4 mm, °C = (°F-32)/1.8) 


FIGURE 511.1.2(3) 
TYPICAL SECTION OF DUCT-TO-FAN 
CONNECTION-SEALANT METHOD 
[NFPA 96: FIGURE 8.1.3.2(c)] 


Ys inch carbon steel 
or stainless steel weld studs 


Lock washer 


4 inch (max) on center 
yh Minimum 1 inch | I 
1 inch by ‘/s inch 
angle flange 
\ 
\ 


me 


Continuous 
perimeter 
weld (typ.) 


Assembled position 


FIGURE 511.1.2(4) 


TYPICAL SECTION OF DUCT-TO-FAN CONNECTION-DIRECT 


TO FAN INLET CONE METHOD 
[NFPA 96: FIGURE 8.1.3.2(d)] 


(2) Vibration isolation connectors shall be permit- | 
ted. 

(3) A drain shall be directed to a readily accessible 
and visible grease receptacle not to exceed 1 
gallon (4 L). 

511.1.3.2 Within the Building. Fans installed 

within the building shall be in accordance with the 

following: 

(1) Located in an accessible area of adequate size to I 
allow for service or removal. [NFPA 96:8.1.4.2] 

(2) Flexible connectors shall not be used. [NFPA | 
96:8.1.4.5] 
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(3) Exhaust fans shall have a drain directed to a 
readily accessible and visible grease receptacle 
not to exceed | gallon (4 L). [NFPA 96:8.1.4.6] 

511.1.3.3 Duct Systems. Where the duct system 

connected to the fan is in an enclosure, the space or 
room in which the exhaust fan is located shall have 
the same fire resistance rating as the enclosure. The 
fan shall be connected to the exhaust duct by flanges 
securely bolted as shown in Figure 511.1.2(1) 
through Figure 511.1.2(4) or by a system specifi- 
cally listed for such use. [NFPA 96:8.1.4.3, 8.1.4.4] 


511.1.4 Construction. Exhaust fan housings shall be 
constructed of carbon steel not less than 0.060 inch (1.524 
mm) (No. 16 MSG) in thickness, of stainless steel not less 
than 0.048 of an inch (1.219 mm) (No. 18 MSG) in thick- 
ness, or, if listed, in accordance with the terms of the list- 
ing. [NFPA 96:8.1.5] 


511.1.5 Openings. Openings for cleaning, servicing, and 
inspection shall conform to the requirements of Section 
510.3.2. Clearances shall conform to the requirements of 
Section 507.4 through 507.4.3.3, or Section 510.7.3 and 
Section 510.7.4 if installed within an enclosure. [NFPA 
96:8.1.6.1, 8.1.6.2] 


511.1.6 Standard. All wiring and electrical equipment 
shall comply with California Electrical Code. [NFPA 
96:8.1.7] 


511.2 Airflow. The air velocity through a duct shall be not 
less than 500 feet per minute (ft/min) (2.54 m/s) and not 
exceed 2500 ft/min (12.7 m/s). 


511.2.1 Exceptions. Transition duct sections that do 
not exceed 3 feet (914 mm) in length and do not contain 
grease traps shall be permitted to be connected to hoods 
and exhaust fans that do not meet this velocity. [NFPA 
96:8.2.1.2] 


511.2.2 Exhaust-Air Volumes. Exhaust air volumes 
for hoods shall be of sufficient level to provide for cap- 
ture and removal of grease-laden cooking vapors. Test 
data, performance tests acceptable to the Authority Hav- 
ing Jurisdiction, or both shall be displayed, provided on 
request, or both. [NFPA 96:8.2.2.1, 8.2.2.2] Lower 
exhaust air volumes shall be permitted during no-load 
and partial load cooking conditions, provided they are 
sufficient to capture and remove flue gases and cooking 
effluent from cooking equipment. 


511.2.2.1 Performance Test. A performance test 
shall be conducted upon completion and before final 
approval of the installation of a ventilation system 
serving commercial cooking appliances. The test 
shall verify the rate of exhaust airflow in accordance 
with Section 508.5.1.2 through Section 508.5.1.5. 
The permit holder shall furnish the necessary test 
equipment and devices required to perform the tests. 
[ASHRAE 154:4.7.1] 


511.2.2.2 Capture and Containment Test. The 
permit holder shall verify the capture and containment 
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performance of Type I hoods. A field test shall be 
conducted with all appliances under the hood at oper- 
ating temperatures, all the hoods operating at design 
airflows, and with all sources of replacement air oper- 
ating at design airflows for the restaurant. Capture and 
containment shall be verified visually by observing 
smoke or steam produced by actual cooking opera- 
tion or by simulating cooking using devices such as 
smoke candles or smoke puffers. Smoke bombs shall 
not be used. [ASHRAE 154:4.7.2] 


511.2.3 Exhaust Fan Operation. A hood exhaust I 
fan(s) shall continue to operate after the extinguishing 
system has been activated unless fan shutdown is required 
by a listed component of the ventilation system or by the 
design of the extinguishing system. The hood exhaust fan 
shall start upon activation of the extinguishing system if 
the exhaust fan and all cooking equipment served by the 
fan have been shut down, unless fan shutdown is required 
by a listed component of the ventilation system or by the 
listing of the extinguishing system. The exhaust fan shall 
be provided with a means so that the fan is activated when 
any heat-producing cooking appliance under the hood is 
turned on. [NFPA 96:8.2.3.1 — 8.2.3.3] 


511.3 Makeup Air. The makeup air quantity shall prevent 
negative pressures in the commercial cooking area(s) from 
exceeding 0.02 inch water column (0.005 kPa). Where the 
fire-extinguishing system activates, makeup air supplied 
internally to a hood shall be shut off. 


For compensating hoods, where a Type I or Type II hood 
has an internal discharge of makeup air, the makeup air flow 
shall not exceed 10 percent of the exhaust airflow, the exhaust 
airflow shall be the net exhaust from the hood in accordance 
with Section 508.5.1.2 through Section 508.5.1.5. The total 
hood exhaust shall be determined in accordance with Equa- 
tion 511.3. 


Ener = Exyoop 3 MA ip (Equation a) 1.3) 


Where: 

Engr = net hood exhaust 

Exyoop = total hood exhaust 

MA jp = makeup air, internal discharge 


511.3.1 Air Balance. Design plans for a facility with a 
commercial kitchen ventilation system shall include a 
schedule or diagram indicating the design outdoor air 
balance. The design outdoor air balance shall indicate the 
exhaust and replacement air for the facility and the net 
exfiltration where applicable. The total replacement air- 
flow rate shall equal the total exhaust airflow rate and 
the net exfiltration. 

511.4 Common Duct (Manifold) Systems. Master 

kitchen exhaust ducts that serve multiple tenants shall include 
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provision to bleed air from outdoors or from adjacent spaces 
into the master exhaust duct where required to maintain the 
necessary minimum air velocity in the master exhaust duct. 
[NFPA 96:8.4.1] 
511.4.1 Connections. Bleed air ducts shall connect to 
the top or side of the master exhaust duct. [NFPA 
96:8.4.2] 


511.4.2 Fire Damper. The bleed-air duct shall have a 
fire damper at least 12 inches (305 mm) from the exhaust 
duct connection. [NFPA 96:8.4.3] 


511.4.3 Construction and Clearance. The bleed-air 
duct shall have the same construction and clearance 
requirements as the main exhaust duct from the connec- 
tion to the exhaust duct to at least 12 inches (305 mm) on 
both sides of the fire damper. [NFPA 96:8.4.4] 


511.4.4 Adjustment. Each bleed air duct shall have a 
means of adjusting (e.g., by using volume dampers) the 
bleed air quantity. [NFPA 96:8.4.5] 


511.4.5 Adjustment Location. Means to adjust the 
bleed air quantity shall be installed between the fire 
damper and the source of bleed air. [NFPA 96:8.4.6] 


511.4.6 Bleed Air Duct. A bleed air duct shall not be 
used for the exhaust of grease-laden vapors and shall be 
so labeled. [NFPA 96:8.4.7] 


511.4.7 Disconnect. Unused tenant exhaust connec- 
tions to the master exhaust duct that are not used as bleed 
air connections shall be disconnected and sealed at the 
main duct. [NFPA 96:8.4.8] 


511.5 Solid-Fuel Air Movement Requirements. Where 
solid-fuel cooking equipment is used, exhaust and replacement 
air also shall be in accordance with Section 517.0. 


512.0 Auxiliary Equipment. 


512.1 Dampers. Dampers shall not be installed in exhaust 
ducts or exhaust duct systems. [NFPA 96:9.1.1] 


512.1.1 Use. Where specifically listed for such use or 
where required as part of a listed device or system, 
dampers in exhaust ducts or exhaust duct systems shall be 
permitted. [NFPA 96:9.1.2] 


| 512.2 Electrical Equipment. Wiring systems of any type 
shall not be installed in ducts. [NFPA 96:9.2.1] 


512.2.1 Device Installation in Ducts. Motors, lights, 
and other electrical devices shall be permitted to be 
installed in ducts or hoods or to be located in the path of 
travel of exhaust products only where specifically listed 
for such use. [NFPA 96:9.2.2] 


512.2.2 Lighting Units. Lighting units on hoods shall 
not be located in concealed spaces except as permitted by 
Section 512.2.3 and Section 512.2.4. [NFPA 96:9.2.3.2] 
512.2.3 Concealed Spaces. Lighting units shall be 
permitted in concealed spaces where such units are part of 
a listed exhaust hood. [NFPA 96:9.2.3.3] 
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512.2.4 Listed Lighting Units. Listed lighting units 
specifically listed for such use and installed in accordance 
with the terms of the listing shall be permitted to be 
installed in concealed spaces. [NFPA 96:9.2.3.4] 


512.2.5 Standard. Electrical equipment shall be 
installed in accordance with California Electrical Code, 
with due regard to the effects of heat, vapor, and grease 
on the equipment. 


512.3 Other Equipment. Fume incinerators, thermal recov- 
ery units, air pollution control devices, or other devices shall be 
permitted to be installed in ducts or hoods or to be located in the 
path of travel of exhaust products where specifically listed for 
such use. [NFPA 96:9.3.1] 


512.3.1 Access Required. Equipment shall have space 
provided to all access panels or doors for the safe removal 
and servicing of control devices, such as filters, electro- 
static precipitator cells, and odor control media beds, and 
for cleaning of the equipment housing. [NFPA 96:9.3.1.3] 


512.3.2 Downgrading. Downgrading other parts of the 
exhaust system due to the installation of approved devices, 
whether listed or not, shal] not be allowed. [NFPA 
969.3:21 


512.3.3 Fire-Extinguishing System. Any equipment 
installed in the path of exhaust products that provides sec- 
ondary filtration or air pollution control shall be provided 
with an approved automatic fire-extinguishing system, 
installed in accordance with the fire-extinguishing system 
manufacturer’s instructions. [NFPA 96:9.3.3] 


512.3.3.1 Protection. The fire-extinguishing sys- 
tem required by Section 512.3.3 shall provide pro- 
tection for the component sections of the equipment, 
and ductwork downstream of the equipment. [NFPA 
96:93.5:1] 


512.3.3.2 Filter Media. Filter media used in sec- 
ondary filtration or air pollution control units and not 
complying with Section 509.2.3 shall have fire pro- 
tection that is adequate for the filter media being used 
in accordance with the fire-extinguishing system 
manufacturer’s instructions. [NFPA 96:9.3.3.2] 


512.3.4 Source of Ignition. If the equipment provides 
a source of ignition, it shall be provided with detection to 
operate the fire-extinguishing system protecting the equip- 
ment. [NFPA 96:9.3.4] 


512.3.5 Air Recirculation. Where a cooking exhaust << 


system employs an air pollution control device that recir- 
culates air into the building, the requirements of Section 
516.0 shall apply. [NFPA 96:9.3.5] 
512.3.6 Carbon Monoxide Detector Required. If 
the heat source is non-electric and open flames are used, a 
carbon monoxide detector shall be installed in both the 
kitchen and dining areas. [NFPA 96:9.3.7] 
512.4 Solid-Fuel Auxiliary Equipment. Where solid fuel 
cooking comprises a part of a cooking operation, additional 
provisions, and equipment as described in Section 517.0 shall 
be used where required. 
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513.0 Fire-Extinguishing Equipment. 
513.1 General. Fire-extinguishing equipment for the protec- 


tion of grease removal devices, hood exhaust plenums, and 
exhaust duct systems shall be provided. [NFPA 96:10.1.1] 


513.1.1 Devices in Exhaust Ducts. Fume incinera- 
tors, thermal recovery units, air pollution control devices, 
or other devices installed in the exhaust duct, shall be pro- 
tected by an automatic fire-extinguishing system. [NFPA 
96:10.1.3] 


513.1.2 Protection. Cooking equipment that produces 
grease-laden vapors and that might be a source of igni- 
tion of grease in the hood, grease removal device, or duct 
shall be protected by fire-extinguishing equipment. 
[NFPA 96:10.1.2] 


513.2 Types of Equipment. Fire-extinguishing equipment 
shall include both automatic fire-extinguishing systems as pri- 
mary protection and portable fire extinguishers as secondary 
backup. [NFPA 96:10.2.1] 


513.2.1 Identification. A placard shall be conspicuously 
placed near each Class K extinguisher that states that the 
fire protection system shall be activated prior to using the 
fire extinguisher. [NFPA 96:10.2.2] 


513.2.2 Standard. Commercial cooking equipment that 
produce grease laden vapors shall be provided with a 
Type I Hood, in accordance with this Code, and an auto- 
matic fire extinguishing system that is listed and labeled 
for its intended use as follows: 


(1) Wet chemical extinguishing system (NFPA 174A, Stan- 
dard for Wet Chemical Extinguishing Systems), com- 
plying with UL 300, Fire Testing of Fire Extinguishing 
Systems for Protection of Restaurant Cooking Equip- 
ment. All existing dry chemical and wet chemical 
extinguishing systems shall comply with UL 300, Fire 
Testing of Fire Extinguishing Systems for Protection 
of Restaurant Cooking Equipment. 

(2) Carbon dioxide extinguishing systems (NFPA 12, 
Standard on Carbon Dioxide Extinguishing Sys- 
tems). 

(3) Automatic fire sprinkler systems (NFPA 13, Stan- 
dard for the Installation of Sprinkler Systems). 

All existing dry chemical and wet chemical extinguishing 

systems shall comply with UL 300, no later than the sec- 

ond required servicing of the system following the effec- 
tive date of this section. 

Exceptions: 

(1) Automatic fire-extinguishing equipment provided 
as part of listed recirculating systems shall comply 
with UL 710B. [NFPA 96:10.2.5] 

(2) [DSA-SS and DSA-SS/CC] Public school kitchens, 
without deep-fat fryers, shall be upgraded to a UL 
300, Fire Testing of Fire Extinguishing Systems for 
Protection of Restaurant Cooking Equipment, com- 
pliant system during state-funded modernization proj- 
ects that are under the jurisdiction of the Division of 
the State Architect. 
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513.2.3 Installation. Automatic fire-extinguishing sys- 
tems shall be installed in accordance with the terms of their 
listing, the manufacturer’s installation instructions, and the 
following standards where applicable: 


(1) NFPA 12 
(2) NFPA 13 
(3) NFPA 17 
(4) NFPA 17A 


513.2.4 Modification of Existing Hood Systems. 
Any abandoned pipe or conduit from a previous installation 
shall be removed from within the hood, plenum, and 
exhaust duct. [NFPA 96:10.2.7.1] 


513.2.4.1 Sealing. Penetrations and holes resulting 
from the removal of conduit or piping shall be sealed 
with listed or equivalent liquid-tight sealing devices. 
[NFPA 96:10.2.7.2] 


513.2.4.2 Obstructions. The addition of obstruc- 
tions to spray patterns from the cooking appliance 
nozzle(s) such as baffle plates, shelves, or any mod- 
ification shall not be permitted. [NFPA 96:10.2.7.3] 


513.2.4.3 System Re-evaluation. Changes or 
modifications to the hazard after installation of the 
fire-extinguishing systems shall result in re-evaluation 
of the system design by a properly trained, qualified, 
and certified person(s). [NFPA 96:10.2.7.4] 


513.2.5 Baffle Hoods with Water Wash. Areas requir- 
ing protection in accordance with Section 513.1 shall be 
permitted to be protected by a water-wash system that is 
listed as a fire-extinguishing system in compliance with UL 
300 or other equivalent standards and installed in accor- 
dance with the requirements of its listing. [NFPA 
96:10.2.8.1] 


513.2.5.1 Listed for the Purpose. Each such area 
not provided with a listed water-wash fire-extinguish- 
ing system shall be provided with a fire-extinguishing 
system listed for the purpose. [NFPA 96:10.2.8.2] 


513.2.5.2 Domestic Water Supply. The water sup- 
ply for water-wash fire-extinguishing systems shall be 
permitted to be supplied from the domestic water sup- 
ply when the minimum water pressure and flow are 
provided in accordance with the terms of the listing. 
[NFPA 96:10.2.8.3] 


water-wash fire-extinguishing systems shall be con- 


« 


513.2.5.3 Control Valve. The water supply for D 


trolled by a listed indicating valve. [NFPA 96:10.2.8.4] 


513.2.5.4 Activation. Where a separate fire-extin- 
guishing system is used for protection of cooking 
equipment only, a water-wash fire-extinguishing sys- 
tem listed for protection of the grease removal 
device(s), hood exhaust plenum(s), exhaust duct(s), or 
combination thereof shall be provided with instruc- 
tions and appropriate means for electrical interface for 
simultaneous activation. [NFPA 96:10.2.8.5] 
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513.2.5.5 Water-Wash System. A water-wash sys- 
tem approved to be used for protection of the grease 
removal device(s), hood exhaust plenum(s), exhaust 
duct(s), or combination thereof shall include instruc- 
tions and appropriate electrical interface for simulta- 
neous activation of the water-wash system from an 
automatic fire-extinguishing system, where the auto- 
matic fire-extinguishing system is used for cooking 
equipment protection only. [NFPA 96:10.2.8.6] 


513.2.5.6 Exception. Where the automatic fire- 
extinguishing system in accordance with NFPA 17A 
provides protection for the hood and duct in a fixed 
baffle hood containing a water-wash system, the 
water-wash system shall be made inoperable or 
delayed for a minimum of 60 seconds upon operation 
of the automatic fire-extinguishing system. [NFPA 
96:10.2.8.7] 


513.2.5.7 Water Supply. The water required for 
listed automatic fire-extinguishing systems shall be 
permitted to be supplied from the domestic water sup- 
ply where the minimum water pressure and flow are 
provided in accordance with the terms of the listing. 
The water supply shall be controlled by a supervised 
water supply control valve. Where the water supply 1s 
from a dedicated fire protection water supply in a 
building with one or more fire sprinkler systems, sep- 
arate indicating control valves and drains shall be pro- 
vided and arranged so that the hood system and 
sprinkler systems can be controlled individually. 
[NFPA 96:10.2.9.1, 10.2.9.2] 


513.2.6 Water Valve Supervision. Valves controlling 
the water supply to listed water-wash fire-extinguishing 
systems, automatic fire-extinguishing systems, or both shall 
be listed indicating type of valve and shall be supervised 
open by one of the following methods: 


(1) Central station, proprietary, or remote station alarm 
service. 


(2) Local alarm service that will cause the sounding of an 
audible signal at a constantly attended point. 


(3) Locking valves open. 


(4) Sealing of valves and approved weekly recorded 
inspection. [NFPA 96:10.2.10] 


513.3 Simultaneous Operation. Fixed pipe extinguishing 
systems in a single hazard area shall be arranged for simultane- 
ous automatic operation upon actuation of any one of the sys- 
tems. [NFPA 96:10.3.1] 
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513.3.1 Hoods. Hoods installed end to end, back to back, 
or both, or sharing a common ductwork, not exceeding 75 
feet (22 860 mm) in distance from the farthest hood, and 
having a grease producing appliance(s) located under one 
or more of the hoods, shall be considered a single hazard 
area requiring simultaneous automatic fire protection in all 
hoods and ducts. [NFPA 96:10.3.1.1] 


513.3.1.1 Common Ductwork. In hoods that are 
installed end to end, back to back, or both, and that 


share a common ductwork, the ductwork beyond 75 
feet (22 860 mm) from the farthest hood shall be pro- 
tected by an independent fire-extinguishing system 
with its own detection system or by a fire-extinguish- 
ing system that activates simultaneously with the fire- 
extinguishing system(s) protecting the hoods. [NFPA 
96:10.3.1.1.1] 


513.3.2 Independent Systems. Hoods installed end 
to end, back to back, or both that do not share a common 
exhaust duct and are separated by a wall(s) or other means 
to ensure that grease-laden vapors exhausted under one 
hood cannot propagate to the other hoods, the hoods’ fire- 
extinguishing system(s) shall be independent and shall 
not be required to simultaneously discharge. [NFPA 
96:10 30 1a2] 


513.3.3 Exempt Equipment. Fume incinerators, ther- 
mal recovery units, air pollution control devices, or other 

" devices installed in the exhaust duct shall not be required 
to comply with Section 513.3.1. [NFPA 96:10.3.1.3] 


513.3.4 Automatic Sprinkler System. Simultaneous << 
operation shall not be required where the one fixed pipe 
extinguishing system is an automatic sprinkler system. 
Where an automatic sprinkler system is used in conjunction 
with a water-based fire-extinguishing system served by the 
same water supply, hydraulic calculations shall consider 
both systems operating simultaneously. [NFPA 96:10.3.2, 
NOS e2ah | 


513.3.5 Dry or Wet Chemical Systems. Simultane- << 
ous operation shall be required where a dry or wet chemi- 

cal system is used to protect common exhaust ductwork by 
one of the methods specified in NFPA 17 or NFPA 17A, 
Wet Chemical Extinguishing Systems. |NFPA 96:10.3.3] 


513.4 Fuel and Electric Power Shutoff. Upon activation of 
any fire-extinguishing system for a cooking operation, all 
sources of fuel and electrical power that produce heat to all 
equipment requiring protection by that system shall automati- 
cally shut off. [NFPA 96:10.4.1] 


Exception: Solid-fuel cooking operations. 


513.4.1 Steam. Steam supplied from an external source 
shall not be required to automatically shut off. [NFPA 
96:10.4.2] 


513.4.2 Protection Not Required. Any gas appliance | 
not requiring protection but located under ventilating 
equipment where protected appliances are located, shall be 
automatically shut off upon activation of the extinguishing 
system. [NFPA 96:10.4.3] 


513.4.3 Manual Reset. Shutoff devices shall require 
manual reset. [NFPA 96:10.4.4] 


513.5 Manual Activation. All systems shall have both auto- 
matic and manual methods of actuation. At least one manual 
actuation device shall be located in a means of egress or at a 
location acceptable to the Authority Having Jurisdiction. 


The manual actuation device shall clearly identify the haz- 
ard protected. An automatic sprinkler system shall not require 
a method of manual actuation. [NFPA 96:10.5.1 — 10.5.2] 
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513.6 System Annunciation. Upon activation of an auto- 
matic fire-extinguishing system, an audible alarm or visual indi- 
cator shall be provided to show that the system has activated. 
[NFPA 96:10.6.1] 


513.6.1 Signaling. Where a fire alarm signaling system 
is serving the occupancy where the extinguishing system is 
located, the activation of the automatic fire-extinguishing 
system shall activate the fire alarm signaling system. 
[NFPA 96:10.6.2] 


= 
)) 513.7 Special Design and Application. Hoods containing 


automatic fire-extinguishing systems are protected areas; there- 
fore, these hoods shall not be considered obstructions to over- 
head sprinkler systems and shall not require floor additional 
sprinkler coverage underneath. [NFPA 96:10.7.1] 


>» 513.8 Review and Certification. Where required, complete 
drawings of the system installation, including the hood(s), 
exhaust duct(s), and appliances, along with the interface of the 
fire-extinguishing system detectors, piping, nozzles, fuel and 
electric power shutoff devices, agent storage container(s), and 
manual actuation device(s), shall be submitted to the Authority 
Having Jurisdiction. [NFPA 96:10.8.1] 


»)> 513.9 Installation Requirements. Installation of systems 
| shall be performed only by persons properly trained and quali- 
fied to install the specific system being provided. The installer 
shall provide certification to the Authority Having Jurisdiction 
that the installation is in agreement with the terms of the listing 
and the manufacturer’s instructions and/or approved design. 
[NFPA 96:10.8.2.1, 10.8.2.2] 


»» 513.10 Portable Fire Extinguishers. Portable fire extin- 
guishers shall be selected and installed in kitchen cooking areas 
in accordance with Chapter 3, Title 19 California Code of Reg- 
ulations and shall be specifically listed for such use. Class K 
fire extinguishers shall be provided for cooking appliance haz- 
ards that involve combustible cooking media (vegetable oils and 
animal oils and fats). [NFPA 96:10.9.1, 10.9.2] 


»»> 513.10.1 Other Fire Extinguishers. Portable fire extin- 
guishers shall be provided for other hazards in kitchen areas 
and shall be selected and installed in accordance with 
Chapter 3, Title 19 California Code of Regulations. 
[NFPA 96:10.9.3] 

513.10.2 Carbon Dioxide-Type. Carbon dioxide-type 
extinguishers shall not be permitted. [NFPA 96:10.9.4] 

)> 513.11 Maintenance. Portable fire extinguishers shall be 

maintained in accordance with NFPA 10. [NFPA 96:10.9.5] 

» 513.11.1 Permitted Use. Portable fire extinguishers 
listed specifically for use in the kitchen cooking areas shall 
also be permitted. 

>> 513.12 Solid-Fuel Fire-Extinguishing Equipment. 

Where solid-fuel cooking equipment is served by fire extin- 
guishing equipment, the provisions of Section 517.0 shall apply. 


514.0 Procedures for the Use, Inspection, Testing, and 
Maintenance of Equipment. 


514.1 Operating Procedures. Exhaust systems shall be 
| operated whenever cooking equipment is turned on. [NFPA 
96:11.1.1] 


2022 CALIFORNIA MECHANICAL CODE 


EXHAUST SYSTEMS 


514.1.1 Filters. Filter-equipped exhaust systems shall not 
be operated with filters removed. [NFPA 96:11.1.2] 


514.1.2 Openings. Openings provided for replacing air 
exhausted through ventilating equipment shall not be 
restricted by covers, dampers, or other means that would 
reduce the operating efficiency of the exhaust system. 
[NFPA 96:11.1.3] 


514.1.3 Posting of Instructions. Instructions for 
manually operating the fire-extinguishing system shall 
be posted conspicuously in the kitchen and shall be 
reviewed with employees by the management. [NFPA 
96:11.1.4.3] 


514.1.4 Listing and Manufacturer’s Instructions. 
Listed exhaust hoods shall be operated in accordance with 
the terms of their listings and the manufacturer’s instruc- 
tions. [NFPA 96:11.1.5] 


514.1.5 Nonoperational. Cooking equipment shall not 
be operated while its fire-extinguishing system or exhaust 
system is nonoperational or impaired. [NFPA 96:11.1.6] 


514.1.6 Secondary Control Equipment. Secondary 
filtration and pollution control equipment shall be operated 
in accordance with the terms of its listing and the manu- 
facturer’s recommendations. [NFPA 96:11.1.7] | 


514.1.7 Inspection Frequency. Inspection and main- 
tenance of “other equipment” as allowed in Section 512.3 
shall be conducted by properly trained and qualified per- | 
sons at a frequency determined by the manufacturer’s 
instructions or the equipment listing. [NFPA 96:11.1.8] 


514.2 Inspection, Testing, and Maintenance. Mainte- 
nance of the fire-extinguishing systems and listed exhaust 
hoods containing a constant or fire-activated water system 
that is listed to extinguish a fire in the grease removal devices, 
hood exhaust plenums, and exhaust ducts shall be made by 
properly trained, qualified, and certified person(s) acceptable 
to the Authority Having Jurisdiction at least every 6 months. 
[NFPA 96:11.2.1] 


514.2.1 Requirements. All actuation and control com- | 
ponents, including remote manual pull stations, mechani- 
cal and electrical devices, detectors, and actuators, shall be 
tested for proper operation during the inspection in accor- 
dance with the manufacturer’s procedures. The specific | 
inspection and maintenance requirements of the extin- 
guishing system standards as well as the applicable instal- 
lation and maintenance manuals for the listed system and 
service bulletins shall be followed. [NFPA 96:11.2.2, 
1152.34 


514.2.2 Fusible Links and Sprinklers. Fusible links of 
the metal alloy type and automatic sprinklers of the metal 
alloy type shall be replaced at least semiannually. [NFPA | 
96:11.2.4] 


514.2.3 Inspection Tag. The year of manufacture and 
the date of installation of the fusible links shall be marked 
on the system inspection tag. The tag shall be signed or ini- 
tialed by the installer. 
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Detection devices that are bulb-type automatic sprin- 
klers and fusible links other than the metal alloy type shall 
be examined and cleaned or replaced annually. [NFPA 
0 Pg Yo Rs ay oa 


514.2.4 Temperature-Sensing Elements. Fixed tem- 
perature-sensing elements other than the fusible metal alloy 
type shall be permitted to remain continuously in service, 


| provided they are inspected and cleaned, or replaced if nec- 
essary in accordance with the manufacturer’s instructions, 
j every 12 months or more frequently to ensure proper oper- 


ation of the system. [NFPA 96:11.2.7] 


514.2.5 Certification. Where required, certificates of 
inspection and maintenance shall be forwarded to the 
Authority Having Jurisdiction. [NFPA 96:11.2.8] 


514.3 Inspection for Grease Buildup. The entire exhaust 

Isystem shall be inspected for grease buildup by a properly 
trained, qualified, and certified person(s) acceptable to the 
Authority Having Jurisdiction and in accordance with Table 
514.3. [NFPA 96:11.4] 


TABLE 514.3 
SCHEDULE OF INSPECTION FOR GREASE BUILDUP 
[NFPA 96: TABLE 11.4] 


TYPE OR VOLUME OF COOKING INSPECTION 
Systems serving solid fuel cooking operations. Monthly 
Systems serving high-volume cooking opera- 
| tions.! Quarterly 
Systems serving moderate-volume cooking oper- - 
: Semiannually 
ations. 
Systems serving low-volume cooking opera- 
| | tions. Annually 
Notes: rs 


| High-volume cooking operations include 24-hour cooking, charbroiling, 
and wok cooking. 


2 Low-volume cooking operations include churches, day camps, seasonal 
businesses, and senior centers. 


1 514.4 Cleaning of Exhaust Systems. If, upon inspection, 
the exhaust system is found to be contaminated with deposits 
from grease-laden vapors, the contaminated portions of the 

| exhaust system shall be cleaned by a properly trained, qualified, 
and certified person(s) acceptable to the Authority Having Juris- 
diction. [NFPA 96:11.6.1] 


514.4.1 Measurement System. A measurement sys- 
tem of deposition shall be established to trigger a need to 
clean when the exhaust system is inspected at the frequen- 
cies in Table 514.3. [NFPA 96:11.6.1.1] 


514.4.1.1 Combustible Contaminants. Hoods, 
grease removal devices, fans, ducts, and other appur- 
tenances shall be cleaned to remove combustible con- 
taminants to a minimum of 0.002 of an inch (50 pm). 
[NFPA 96:11.6.1.1.1] 


514.4.1.2 Gauge Comb. A grease depth gauge 
comb as shown in Figure 514.4.1.2 shall be placed 
upon the surface to measure grease depth. [NFPA 
96:11.6.1.1.2] 
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Acceptable 
cleaned 
surface 


Maximum duct deposition — 
clean measurement 


Location or point 
measurement: 


Depth gauge comb 
| maximum deposit — 
cleaning required 


FIGURE 514.4.1.2 
DEPTH GAUGE COMB 
[NFPA 96: FIGURE 11.6.1.1.2] 


514.4.1.3 Cleaning Method. Where a measured 
depth of 0.078 of an inch (2000 pm) is observed, the 
surfaces shall be cleaned in accordance with Section 
514.4. [NFPA 96:11.6.1.1.3] 


514.4.1.4 Combustible Contaminants. Where a 
measured depth of 0.125 of an inch (3175 pm) is 
observed in a fan housing, the surfaces shall be 
cleaned in accordance with Section 514.4. [NFPA 
96:11.6.1.1.4] 


514.4.2 Removal of Contaminants. Hoods, grease << 
removal devices, fans, ducts, and other appurtenances shall 

be cleaned to remove combustible contaminants prior to 
surfaces becoming heavily contaminated with grease or 
oily sludge. [NFPA 96:11.6.2] 


514.4.3 Electrical Switches. At the start of the cleaning << 
process, electrical switches that could be activated acci- 
dentally shall be locked out. [NFPA 96:11.6.3] 


514.4.4 Fire Suppression System. Components of the << 
fire suppression system shall not be rendered inoperable 
during the cleaning process. [NFPA 96:11.6.4] 


514.4.5 Inoperable. Fire-extinguishing systems shall be << 
permitted to be rendered inoperable during the cleaning 
process where serviced by properly trained and qualified | 
persons. [NFPA 96:11.6.5] 


514.4.6 Solvents/Cleaning Aids. Flammable solvents << 
or other flammable cleaning aids shall not be used. [NFPA 
96:11.6.6] 


514.4.7 Cleaning Chemicals. Cleaning chemicals shall << 
not be applied on fusible links or other detection devices of 
the automatic extinguishing system. [NFPA 96:11.6.7] 


514.4.8 Coating. After the exhaust system is cleaned, it << 
shall not be coated with powder or other substance. [NFPA 
96:11.6.8] 


514.4.9 Access Panels and Cover Plates. When |“ 
cleaning procedures are completed, all access panels 
(doors) and cover plates shall be restored to their normal 
operational condition. [NFPA 96:11.6.9] 


514.4.10 Date of Inspection. When an access panel is |<< 
removed, a service company label or tag preprinted with 

the name of the company and giving the date of inspection 

or cleaning shall be affixed near the affected access panels. 
[NFPA 96:11.6.10] 
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514.4.11 Airflow. Dampers and diffusers shall be posi- 
tioned for proper airflow. [NFPA 96:11.6.11] 


514.4.12 Operable State. When cleaning procedures are 
completed, all electrical switches and system components 
shall be returned to an operable state. [NFPA 96:11.6.12] 


514.4.13 Certification of Service. When an exhaust 
system is inspected or cleaned, a certificate showing the 
name of the servicing company, the name of the person per- 
forming the work, and the date of inspection or cleaning 
shall be maintained on the premises. [NFPA 96:11.6.13] 


514.4.14 Report Provided. After cleaning or inspection 
is completed, the exhaust cleaning company and the person 
performing the work at the location shall provide the owner 
of the system with a written report that also specifies areas 
that were inaccessible or not cleaned. [NFPA 96:11.6.14] 


514.4.15 Unclean Area. Where required, certificates of 
inspection and cleaning and reports of areas not cleaned 
shall be submitted to the Authority Having Jurisdiction. 
[NFPA 96:11.6.15] 


514.4.16 Metal Containers. Metal containers used to 
collect grease drippings shall be inspected or emptied at 
least weekly. [NFPA 96:11.6.16] 


514.5 Cooking Equipment Maintenance. Inspection and 
servicing of the cooking equipment shall be made at least annu- 
ally by properly trained and qualified persons. [NFPA 96:11.7.1] 


514.5.1 Cleaning. Cooking equipment that collects 
grease below the surface, behind the equipment, or in 
cooking equipment flue gas exhaust, such as griddles or 
charbroilers, shall be inspected and, if found with grease 
accumulation, cleaned by a properly trained, qualified, 
and certified person(s) acceptable to the Authority Hav- 
ing Jurisdiction. [NFPA 96:11.7.2] 


515.0 Minimum Safety Requirements for Cooking 
Equipment. 


515.1 Cooking Equipment. Cooking equipment shall be 
approved based on one of the following criteria: 


(1) Listings by a testing laboratory. 


(2) Test data acceptable to the Authority Having Jurisdiction. 
[NFPA 96:12.1.1] 


515.1.1 Installation. All listed appliances shall be 
installed in accordance with the terms of their listings and 
the manufacturer’s instructions. Solid fuel used for flavor- 
ing within a gas-operated appliance shall be in a solid fuel 
holder (smoker box) that is listed with the equipment. 
[NEPACI6 2 1.21121 21.1] 
515.1.1.1 Re-evaluation. Cooking appliances 
requiring protection shall not be moved, modified, or 
rearranged without prior re-evaluation of the fire- 
extinguishing system by the system installer or serv- 
icing agent, unless otherwise allowed by the design of 
the fire-extinguishing system. A solid fuel holder shall 
not be added to an existing appliance until the fire- 
extinguishing system has been evaluated by the fire- 
extinguishing system service provider. [NFPA 
96:12.1:2.2, 12.1.2.2:1] 
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515.1.1.2 Prior Location. The fire-extinguishing 
system shall not require re-evaluation where the cook- 
ing appliances are moved for the purposes of mainte- 
nance and cleaning, provided the appliances are 
returned to approved design location prior to cooking 
operations, and any disconnected fire-extinguishing | 
system nozzles attached to the appliances are recon- 
nected in accordance with the manufacturer’s listed 
design manual. [NFPA 96:12.1.2.3] | 
515.1.1.3 Minimum Space. All deep-fat fryers shall 
be installed with at least a 16 inch (406 mm) space 
between the fryer and surface flames from adjacent 
cooking equipment. [NFPA 96:12.1.2.4] 
515.1.1.4 Space Not Required. Where a steel or 
tempered glass baffle plate is installed at a minimum | 
8 inches (203 mm) in height between the fryer and sur- 
face flames of the adjacent appliance, the requirement 
for a 16 inch (406 mm) space shall not apply. [NFPA 
96:12.45255) 
515.1.1.5 Minimum Height. If the fryer and the sur- 
face flames are at different horizontal planes, the min- 
imum height of 8 inches (203 mm) shall be measured 
from the higher of the two. [NFPA 96:12.1.2.5.1] 
515.2 Operating Controls. Deep-fat fryers shall be equipped 
with a separate high-limit control in addition to the adjustable 
operating control (thermostat) to shut off fuel or energy when 
the fat temperature reaches 475°F (246°C) at 1 inch (25.4 mm) 
below the surface. [NFPA 96:12.2] 


516.0 Recirculating Systems. 

516.1 General Requirements. Recirculating systems con- 
taining or for use with appliances used in processes produc- 
ing smoke or grease-laden vapors shall be equipped with 
components complying with the following: 

(1) The clearance requirements of Section 507.4 through Sec- 
tion 507.4.3.3. 


(2) A hood complying with the requirements of Section 508.0. | 
(3) 


(4) 


Grease removal devices complying with Section 509.0. 
The air movement requirements of Section 511.2.1 and 
Section 511.2.2. 

Auxiliary equipment (such as particulate and odor removal 
devices) complying with Section 512.0. 


(5) 


Fire-extinguishing equipment complying with the require- | 
ments of Section 513.0. 


(6) 


Exception: Fire-extinguishing equipment in accordance 
with Section 513.1 and Section 513.5. 
(7) The use and maintenance requirements of Section 514.0. 
(8) 


(9) 


The minimum safety requirements of Section 515.0. 
All the requirements of Section 516.0. [NFPA 96:13.1] 


516.2 Design Restrictions. All recirculating systems shall 


comply with the requirements of Section 516.2.1 through Sec- 
tion 516.2.9. [NFPA 96:13.2] 


516.2.1 Gas/Electrically Fueled Cooking Appli- 
ances. Only gas-fueled or electrically fueled cooking | 
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appliances shall be used. Listed gas-fueled equipment 
designed for use with specific recirculating systems shall 
have the flue outlets connected in the intended manner. 
Gas-fueled appliances shall have a minimum 18 inches 
(457 mm) clearance from the flue outlet to the filter inlet in 
accordance with Section 509.2.2 through Section 
509.2.2.3 and shall meet the installation requirements of 
this code, NFPA 54 or NFPA 58. {NFPA 96:13.2.1 — 
13233 


516.2.2 Recirculation. Recirculating systems shall be 
listed with a testing laboratory in accordance with UL 
710B or equivalent. [NFPA 96:13.2.4] 


516.2.3 Protection. Cooking appliances that require pro- 
tection and that are under a recirculating hood shall be pro- 
tected by either the integral fire protection system in 
accordance with UL 710B or a system in accordance with 
Section 513.0. [NFPA 96:13.2.4.2] 


516.2.4 Maximum Limits. A recirculating system shall 
not use cooking equipment that exceeds that recirculating 
system’s labeled maximum limits for that type of equip- 
ment, stated in maximum energy input, maximum cooking 
temperature, and maximum square area of cooking surface 
or cubic volume of cooking cavity. [NFPA 96:13.2.6] 


516.2.5 Label. The listing label shall show the type(s) of 
cooking equipment tested and the maximum limits speci- 
fied in Section 516.2.4. [NFPA 96:13.2.7] 


516.2.6 Fire Damper. A fire-actuated damper shall be 
installed at the exhaust outlet of the system. [NFPA 
96:13.2.8] The actuation device for the fire damper shall 
have a maximum temperature rating of 375°F (191°C). 
[NFPA 96:13.2.10] 


516.2.7 Installation of Electrical Wiring. No electrical 
wiring shall be installed in the interior sections of the hood 
plenum that is capable of becoming exposed to grease. 


Exception: As permitted by the California Electrical Code. 


516.2.8 Power Supply. The power supply of any elec- 
trostatic precipitator (ESP) shall be of the “cold spark,” fer- 
roresonant type in which the voltage falls off as the current 
draw of a short increases. [NFPA 96:13.2.11] 


516.2.9 Listing Evaluation. Listing evaluation shall 
include the following: 


(1) Capture and containment of vapors at published and 
labeled airflows. 


(2) Grease discharge at the exhaust outlet of the system 
not to exceed an average of 2.9 E-09 (oz/in*) (5.0 E-06 
kg/m*) of exhausted air sampled from that equipment 
at maximum amount of product that is capable of 
being processed over a continuous 8 hour test with the 
system operating at its minimum listed airflow. 


(3) Listing and labeling of clearance to combustibles from 
all sides, top, and bottom. 

(4) Electrical connection in the field in accordance with 
the California Electrical Code. 

(5) Interlocks on all removable components that lie in the 
path of airflow within the unit to ensure that they are 


in place during operation of the cooking appliance. 
{NFPA 96:13.2.12} | 


516.3 Interlocks. The recirculating system shall be provided 
with interlocks of critical components and operations as indi- 
cated in Section 516.3.1 through Section 516.3.3.1 such that, if 
any of these interlocks are interrupted, the cooking appliance 
will not be able to operate. [NFPA 96:13.3.1] 


516.3.1 Airflow Sections. All closure panels encom- | 
passing airflow sections shall have interlocks to ensure that 
the panels are in place and fully sealed. [NFPA 96:13.3.2] 


516.3.2 Filter Component. Each filter component 
(grease and odor) shall have an interlock to prove the 
component is in place. [NFPA 96:13.3.3] 


516.3.3 ESP Interlocks. Each ESP shall have a sensor 
to prove its performance is as designed, with no interrup- 
tion of the power to exceed 2 minutes. [NFPA 96:13.3.4.1] 


516.3.3.1 Manual Reset. The sensor shall be a 
manual reset device or circuit. [NFPA 96:13.3.4.2] 


516.3.4 Airflow Switch or Transducer. An airflow 
switch or transducer shall be provided after the last filter 
component to ensure that a minimum airflow is main- 
tained. The airflow switch or transducer shall open the 
interlock circuit when the airflow falls 25 percent below | 
the system’s normal operating flow or 10 percent below 
its listed minimum rating, whichever is lower. The air- 
flow switch or transducer shall be a manual reset device 
or circuit. [NFPA 96:13.3.5.1 — 13.3.5.3] 


516.4 Location and Application Restrictions. The 
location of recirculating systems shall be approved by the 
Authority Having Jurisdiction. Items to be reviewed in the 
fire risk assessment shall include, but not be limited to, life 
safety, combustibility of surroundings, proximity to air vents, 
and total fuel load. [NFPA 96:13.4.1 — 13.4.2] | 


516.5 Additional Fire Safety Requirements. In addi- 
tion to the appliance nozzle(s), a recirculating system shall 
be listed with the appropriate fire protection for grease filters, | 
grease filtration, odor filtration units, and ductwork, where 
applicable. [NFPA 96:13.5.1] 


516.5.1 Installation Downstream. In addition to any | 
other fire-extinguishing system activation device, there 
shall be a fire-extinguishing system activation device 
installed downstream of any ESP. [NFPA 96:13.5.2] | 
516.5.2 Locations. The requirements of Section 513.6 
shall also apply to recirculating system locations. [NFPA 
962113353] 
516.6 Use and Maintenance. Automatic or manual cov- 
ers on cooking appliances, especially fryers, shall not inter- 
fere with the application of the fire suppression system. 
[NFPA 96:13.6.1] 
516.6.1 Manufacturer’s Instructions. All filters | 
shall be cleaned or replaced in accordance with the man- 
ufacturer’s instructions. [NFPA 96:13.6.2] 
516.6.2 Cleaning Schedule. All ESPs shall be cleaned 
a minimum of once per week and according to the manu- 
facturer’s cleaning instructions. [NFPA 96:13.6.3] 
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516.6.3 Hood Plenum and Blower Section Clean- 
ing Schedule. The entire hood plenum and the blower 
section shall be cleaned a minimum of once every 3 
months. [NFPA 96:13.6.4] 


516.6.4 Inspection of Safety Interlocks. Inspection 
and testing of the total operation and all safety interlocks 
in accordance with the manufacturer’s instructions shall 
be performed by qualified service personnel a minimum 
of once every 6 months or more frequently if required. 
[NFPA 96:13.6.5] 


516.6.5 Inspection. Fire-extinguishing equipment 
shall be inspected in accordance with Section 514.2. 
[NFPA 96:13.6.6] 


516.6.6 Maintenance Log. A signed and dated log of 
maintenance as performed in accordance with Section 
516.6.3 and Section 516.6.4 shall be available on the 
premises for use by the Authority Having Jurisdiction. 
[NFPA 96:13.6.7] 
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517.2 Location of Appliances. Every appliance shall be I 
located with respect to building construction and other equip- 
ment so as to permit access to the appliance. [NFPA 96:14.2.1] 


517.2.1 Prohibited Location. Solid-fuel cooking appli- 
ances shall not be installed in confined spaces. [NFPA 
96:14.2.2] 


Exception: Solid-fuel cooking appliances listed for instal- 
lation in confined spaces such as alcoves shall be installed 
in accordance with the terms of the listing and the manu- 
facturer’s instructions. [NFPA 96:14.2.3] | 


517.2.2 Flammable Vapors. Solid-fuel cooking appli- 
ances shall not be installed in any location where gasoline 
or any other flammable vapors or gases are present. [NFPA 
96:14.2.4] 


517.3 Hoods for Solid-Fuel Cooking. Hoods shall be sized 
and located in a manner capable of capturing and containing all | 
the effluent discharging from the appliances. The hood and its 
exhaust system shall comply with the requirements of Section | 
508.0 through Section 513.0. [NFPA 96:14.3.1, 14.3.2] 


517.0 Solid-Fuel Cooking Operations. 


517.1 Venting Application. Venting requirements of solid- 
fuel cooking operations shall be determined in accordance 
with Section 517.1.1 through Section 517.1.6. [NFPA 
96:14.1] 


517.3.1 Separation. Except as permitted in Section 
517.3.1.1, exhaust systems serving solid-fuel cooking 
equipment, including gas or electrically operated equip- 
ment, shall be separate from all other exhaust systems. I 
[NFPA 96:14.3.3] 


517.1.1 Natural Draft. Where solid-fuel cooking equip- 
ment is required by the manufacturer to have a natural draft, 
the vent shall comply with Section 517.4. [NFPA 
96:14.1.1] 


5171.2 System Compliance. Where the solid-fuel 
cooking equipment has a self-contained top, is the appli- 
ance to be vented in an isolated space (except for a single 
water heater with its own separate vent), has a separate 
makeup air system, and is provided with supply and return 
air (not supplied or returned from other spaces), the sys- 
tem shall comply with Section 517.4 and Section 517.6. 
[NFPA 96:14.1.2] 


517.1.3 Makeup Air System. Where the solid-fuel cook- 
ing equipment is located in a space with other vented equip- 
ment, all vented equipment shall have an exhaust system 
interlocked with a makeup air system for the space per Sec- 
tion 517.6. [NFPA 96:14.1.3] 


517.1.4 Natural Draft Ventilation Systems. Natural 
draft ventilation systems and power-exhausted ventilation 
systems shall comply with Section 517.3, Section 517.4, 
and Section 517.6. [NFPA 96:14.1.4] 


517.1.5 Opening Requirements. Where a solid-fuel 
cooking appliance allows effluent to escape from the appli- 
ance opening, this opening shall be covered by a hood and 
an exhaust system that meets the requirements of Section 
517.3, Section 517.4, and Section 517.6. [NFPA 96:14.1.5] 


517.1.6 Spark Arresters. Solid-fuel cooking operations 
shall have spark arresters to minimize the passage of air- 
borne sparks and embers into plenums and ducts. Where 
the solid-fuel cooking operation is not located under a 
hood, a spark arrester shall be provided to minimize the 
passage of sparks and embers into flues and chimneys. 
[NFPA 96:14.1.6, 14.1.7] 
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Exception: Cooking equipment not requiring automatic 
fire-extinguishing equipment (per Section 513.0) shall | 
be permitted to be installed under a common hood with 
solid-fuel cooking equipment that is served by a duct sys- 
tem separate from all other exhaust systems. [NFPA I 
96:14.3.5] 


517.3.1.1 Equipment with Solid Fuel for Fla- 

voring. Gas-operated equipment utilizing solid fuel 

for flavoring that meets all the following conditions ] 

shall not be required to have a separate exhaust sys- 

tem: 

(1) The solid fuel holder (smoker box) shall be listed 
with the gas-operated equipment. 


(2) The solid fuel holder shall be located underneath 
the gas burners. 


(3) Spark arresters conforming with Section 517.1.6 | 
shall be provided. 


(4) The maximum quantity of solid fuel consumed 
shall not exceed 1 pound (0.45 kg) per hour per | 
100 000 Btu/h (29 kW) of gas burner capacity. 


(5) The gas-operated equipment shall be protected by 
a fire suppression system listed for the equipment, 
including the solid fuel holder. 


(6) Gas-operated equipment with integral solid fuel 
holder(s) intended for flavoring, such as radiant 
charbroiler(s), shall comply simultaneously with 
the requirements of UL 300 that address the gas 
radiant charbroiler(s) and mesquite wood char- 
broiler(s). 

(7) A fire suppression system nozzle(s) shall be 
installed to protect the solid fuel holder. 
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(8) The fire suppression system shall be designed and 
installed to protect the entire cooking operation. 


(9) Each solid fuel holder shall be limited to a size of 
150 cubic inches (2.5 L), with no dimension to 
exceed 20 inches (508 mm). 


(10) A maximum of one solid fuel holder for each 100 
000 Btu/h (29 kW), or portion thereof, of burner 
capacity shall be permitted. 


(11) Solid fuel shall be immersed in water for a con- 
tinuous period of at least 24 hours immediately 
prior to being placed in the cooking equipment. 


(12) The inspection frequency shall be the same as for 
solid fuel cooking operations in Table 514.3. 
[NFPA 96:14.3.4] 


517.4 Exhaust Systems for Solid-Fuel Cooking. Where 
a hood is not required, in buildings where the duct system is 
three stories or less in height, a duct complying with Section 
510.0 shall be provided. [NFPA 96:14.4] 


517.4.1 Hood. If a hood is used in buildings where the 
duct system is three stories or less in height, the duct sys- 
tem shall comply with Section 510.0. [NFPA 96:14.4.1] 


517.4.2 Building Exceeding Four Stories. A listed 
or approved grease duct system that is four stories in 
height or greater shall be provided for solid-fuel cooking 
exhaust systems. [NFPA 96:14.4.2] 


517.4.3 Prohibited. Wall terminations of solid-fuel 
exhaust systems shall be prohibited. [NFPA 96:14.4.4] 


517.5 Grease Removal Devices for Solid-Fuel Cook- 
ing. Grease removal devices shall be constructed of steel or 
stainless steel or be approved for solid-fuel cooking. [NFPA 
96:14.5.1] 


5175.1 Spark Arrester Devices. If airborne sparks and 
embers can be generated by the solid fuel cooking opera- 
tion, spark arrester devices shall be used prior to using the 
grease removal device, to minimize the entrance of these 
sparks and embers into the grease removal device and into 
the hood and the duct system. [NFPA 96:14.5.2] 


517.5.2 Filters. Filters shall be a minimum of 4 feet (1219 
mm) above the appliance cooking surface. [NFPA 
96:14.5.3] 


517.6 Air Movement for Solid-Fuel Cooking. Exhaust 
system requirements shall comply with Section 511.0 for 
hooded operation or shall be installed in accordance with the 
manufacturer’s recommendations for unhooded applications. 
[NFPA 96:14.6.1] 


5176.1 Replacement Air. A replacement or makeup air 
system shall be provided to ensure a positive supply of 


replacement air at all times during cooking operations. 
[NFPA 96:14.6.2] 


517.6.2 Operation. Makeup air systems serving solid- 
fuel cooking operations shall be interlocked with the 
exhaust air system and powered, if necessary, to prevent 
the space from attaining a negative pressure while the 
solid-fuel appliance is in operation. [NFPA 96:14.6.3] 
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517.7 Fire-Extinguishing Equipment for Solid-Fuel 
Cooking. Solid-fuel cooking appliances that produce grease- 
laden vapors shall be protected by listed fire-extinguishing 
equipment. 


Exception: Where acceptable to the Authority Having Juris- 
diction, solid-fuel cooking appliances constructed of solid 
masonry or reinforced Portland or refractory cement concrete 
and vented in accordance with NFPA 211 shall not require 
fixed automatic fire-extinguishing equipment. [NFPA 
96:14.7.1, 14.7.2] 


517.7.1 Grease Removal Devices, Hoods, and Duct 
Systems. Listed fire-extinguishing equipment shall be 
provided for the protection of grease removal devices, 
hoods, and duct systems. [NFPA 96:14.7.3] 


Exception: Where acceptable to the Authority Having 
Jurisdiction, solid-fuel cooking appliances constructed of 
solid masonry or reinforced Portland or refractory cement 
concrete and vented in accordance with NFPA 211 shall 
not require automatic fire-extinguishing equipment for the 
protection of grease removal devices, hoods, and duct sys- 
tems. [NFPA 96:14.7.4] 


517.7.2 Listed Fire-Extinguishing Equipment. 
Listed fire-extinguishing equipment for solid-fuel-burn- 
ing cooking appliances, where required, shall comply | 
with Section 513.0 and shall use water-based agents. 
[NFPA 96:14.7.5] 


5177.3 Rating and Design. Fire-extinguishing equip- 
ment shall be rated and designed to extinguish solid-fuel 
cooking fires. The fire-extinguishing equipment shall be of 
sufficient size to totally extinguish fire in the entire hazard 
area and prevent reignition of the fuel. [NFPA 96:14.7.6, 
14.7.7] 


5177.4 Listing/Class. All solid fuel appliances (whether 
under a hood or not) with fireboxes of 5 cubic feet (0.14 
m>) volume or less shall have at least a listed 2-A rated 
water-spray fire extinguisher or a 1.6 gallon (6.1 L) wet 
chemical fire extinguisher listed for Class K fires in accor- 
dance with NFPA 10 with a maximum travel distance of | 
20 feet (6096 mm) to the appliance. [NFPA 96:14.7.8] 


517.75 Fixed-Water Pipe System. Solid fuel appli- 
ances with fireboxes exceeding 5 cubic feet (0.14 m*) shall 
be provided with a fixed-water pipe system with a hose in 
the kitchen capable of reaching the firebox. The hose shall 
be equipped with an adjustable nozzle capable of produc- 
ing a fine to medium spray or mist. The nozzle shall be of 
the type that cannot produce a straight stream. The system 

shall have a minimum operating pressure of 40 psi (276 

kPa) and shall provide a minimum of 5 gallons per minute 

(gpm) (0.3 L/s). [NFPA 96:14.7.9.1 — 14.7.9.2] 

5177.6 Fuel Storage. All fuel storage areas shall be pro- 

vided with a sprinkler system meeting the requirements of 

NFPA 13 except as permitted in accordance with the fol- 

lowing: 

(1) Where acceptable to the Authority Having Jurisdic- | 
tion, fuel storage areas shall be permitted to be pro- 
tected with a fixed water pipe system with a hose 
capable of reaching all parts of the area. 
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(2) In lieu of the sprinkler system outlined in Section 
517.7.6, a listed 2-A rated water spray fire extin- 
guisher or a 1.6 gallon (6.1 L) wet chemical fire extin- 

guisher listed for Class K fires with a maximum travel 
distance of 20 feet (6096 mm) to the solid fuel piles 
shall be permitted to be used for a solid fuel pile, pro- 
vided that the fuel pile does not exceed 5 cubic feet 
| (0.14 m?) volume. [NFPA 96:14.9.2.8 — 14.9.2.8.2] 


517.77 Auxiliary Fuel. In addition to the requirements of 
Section 517.7.4 through Section 517.8.3, where any solid- 


| fuel cooking appliance is also provided with auxiliary 
electric, gas, oil, or other fuel for ignition or supplemental 
heat and the appliance is also served by any portion of a 
| fire-extinguishing system complying with Section 513.0, 
such auxiliary fuel shall be shut off on actuation of the fire- 


extinguishing system. [NFPA 96:14.7.11] 


517.8 Other Safety Requirements. Metal-fabricated solid- 
fuel cooking appliances shall be listed for the application 
where produced in practical quantities or shall be approved by 
the Authority Having Jurisdiction. Where listed, metal-fabri- 
cated solid fuel cooking appliances shall be installed in accor- 
dance with the terms of their listings and with the applicable 
requirements of this chapter. [NFPA 96:14.9.4.1, 14.9.4.2] 


517.8.1 Site-Built Solid Fuel Cooling Appliances. 
Site-built solid-fuel cooking appliances shall be submit- 
ted for approval to the Authority Having Jurisdiction 

| before being considered for installation. All units sub- 
mitted to the Authority Having Jurisdiction shall be 
installed, operated, and maintained in accordance with 
the approved terms of the manufacturer’s instructions 
and any additional requirements set forth by the Author- 

| ity Having Jurisdiction. [NFPA 96:14.9.4.3.1 —- 
14.9.4.3.2] 


517.8.2 Additional Devices. Except for the spark 
arresters required in Section 517.1.6, there shall be no 

| additional devices of any type in any portion of the appli- 
ance, flue pipe, and chimney of a natural draft solid-fuel 
operation. [NFPA 96:14.9.4.4] 


517.8.3 Prohibited. No solid fuel cooking device of any 
type shall be permitted for deep fat frying involving more 
than 1 quart (qt) (1 L) of liquid shortening, nor shall any 
solid fuel cooking device be permitted within 3 feet (914 
mm) of any deep fat frying unit. [NFPA 96:14.9.4.5] 


518.0 Downdraft Appliances. 
518.1 General. Downdraft appliance ventilation system 
containing or for use with appliances used in processes pro- 
ducing smoke or grease-laden vapors shall be equipped with 
components complying with the following: 
| (1) The clearance requirements of Section 507.4 through 
Section 507.4.3.3. 
(2) The primary collection means designed for collecting 
d cooking vapors and residues complying with the require- 
ments of Section 508.0. 
| (3) Grease removal devices complying with Section 509.0. 


(4) Special-purpose filters as listed in accordance with UL 
1046. 
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(5) Exhaust ducts complying with Section 510.0. 


(6) The air movement requirements of Section 511.2.1 and | 
Section 511.2.2. 


(7) Auxiliary equipment (such as particulate and odor 
removal devices) complying with Section 512.0. j 

(8) Fire-extinguishing equipment complying with the] 
requirements of Section 513.0, and as specified in Sec- 
tion 518.3. 


(9) The use and maintenance requirements of Section 514.0. | 


(10)The minimum safety requirements of Section 515.0. I 
[NFPA 96:15.1.1] 


518.2 Ventilation System. The downdraft appliance ven- 
tilation system shall be capable of capturing and containing 
all the effluent discharge from the appliance(s) it is serving. | 
[NFPA 96:15.1.2] 


518.3 Fire-Extinguishing Equipment. For fire-extin- 
guishing equipment on downdraft appliance ventilation sys- 
tems, the following shall apply: 


(1) Cooking surface, duct, and plenum protection shall be 
provided. 


(2) At least one fusible link or heat detector shall be installed 
within each exhaust duct opening in accordance with the 
manufacturer’s listing. 


(3) A fusible link or heat detector shall be provided for each 
protected cooking appliance located in the plenum area 
of that appliance or in accordance with the extinguish- 
ing system manufacturer’s listing. 


(4) A manual activation device shall be provided as part of 
each appliance at a height acceptable to the Authority | 
Having Jurisdiction. 


(5) Portable fire extinguishers shall be provided in accor- | 
dance with Section 513.10 through Section 513.11. 
[NFPA 96:15.2] 


518.3.1 Integral Fire-Extinguishing System. A 
listed downdraft appliance ventilation system employing 
an integral fire-extinguishing system including detection 
systems that has been evaluated for grease and smoke 
capture, fire extinguishing, and detection shall be consid- 
ered as complying with Section 518.3. [NFPA 96:15.2.1] | 


518.3.2 Interlocks. The downdraft appliance ventila- 
tion system shall be provided with interlocks such that 
the cooking fuel supply will not be activated unless the 
exhaust and supply air systems have been activated. 
[NFPA 96:15.2.2] 


518.4 Airflow Switch or Transducer. An airflow switch or 
transducer shall be provided after the last filter component to 
ensure that a minimum airflow is maintained. [NFPA 96:15.3.1] 


518.4.1 Interlocks. The airflow switch or transducer 
shall open the interlock circuit when the airflow falls 25 
percent below the system’s normal operating flow or less 
than 10 percent its listed minimum rating, whichever is 
lower. [NFPA 96:15.3.2] | 
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518.4.2 Manual Reset. The airflow switch or trans- 
ducer shall be a manual reset device or circuit. [NFPA 
96:15.3.3] 


| 518.5 Surface Materials. Any surface located directly 
above the cooking appliance shall be of noncombustible or 
limited-combustible materials. [NFPA 96:15.4] 


519.0 Type Il Hood Exhaust System Requirements. 


519.1 Where Required. Type II hoods shall be installed 
above equipment and dishwashers that generate steam, heat, 

| or products of combustion, and where grease or smoke is not 
present. 


Exceptions: 


(1) Dishwashing machines connected to a Type II duct sys- 
tem and exhausted directly to the outdoors. 


(2) Dishwashing machines with a self-contained condensing 
system listed in accordance with UL 921 and installed in 
a space where the HVAC system has been engineered to 
accommodate the latent and sensible heat load emitted 
from such appliances as approved by the Authority Hav- 
ing Jurisdiction. Such equipment shall be provided with 
an interlocking device to prevent opening of the appli- 
ance prior to completion of its cycle. 


519.2 Construction of Type Il Hoods. Type II hoods 
constructed of steel shall be not less than 0.024 of an inch 
(0.61 mm) (No. 24 gauge). Hoods constructed of copper shall 
be of copper sheets weighing not less than 0.17 ounces per 
square inch (0z/in’) (7.47 kg/m?). Joints and seams shall be 
substantially tight. Solder shall not be used except for sealing 
a joint or seam. 


519.3 Dishwashing Appliances. The net airflow for Type 
II hoods used for dishwashing equipment shall be not less 
than 200 cubic feet per minute (0.094 m*/s) per linear foot 
(m) of hood length. 


519.4 Type Il Exhaust Duct Systems. Ducts and 
plenums serving Type II hoods shall be constructed of rigid 
metallic materials in accordance with Chapter 6. Duct brac- 
ing and supports shall comply with Chapter 6. Ducts subject 
to positive pressure shall be adequately sealed. 


519.5 Termination of Type Il Hood Exhaust System. 
The exhaust system shall terminate as follows: 


(1) Rooftop terminations shall terminate not less than 10 feet 
(3048 mm) from a property line, and the exhaust flow 
shall be directed away from the roof surface of the roof, 
not less than 40 inches (1016 mm). 


(2) Horizontal terminations shall terminate not less than 10 
feet (3048 mm) from adjacent buildings, property lines, 
operable openings, and from grade level. 

(3) The discharge outlet shall not be directed onto a public 
walkway. 

519.6 Makeup Air. Makeup air shall be provided in accor- 

dance with Section 511.3. 
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CHAPTER 6 
DUCT SYSTEMS 


601.0 General. 


601.1 Applicability. Ducts and plenums that are portions of 
a heating, cooling, ventilation, or exhaust system shall com- 
| ply with the requirements of this chapter and Chapter 5. 


601.2 Sizing Requirements. Duct systems shall be sized 
| in accordance with applicable standards in Chapter 17 or by 
other approved methods. 


Exception: Residential duct systems shall be sized in accor- 
dance with ACCA Manual D, ACCA Manual Zr, as applica- 
> ble, or by other approved methods. 


601.2.1 California Energy Code Residential Return 
Duct Sizing Requirements. California Energy Code 
Tables 150.0-B and 150.0-C specify return duct sizing 
requirements for single return and multiple return duct 
systems, respectively, that are applicable as an alternative 
to confirming system airflow via field verification and 
diagnostic testing. See California Energy Code Section 
150.0(m)13 for provisions applicable to newly con- 
structed buildings, and Section 150.2(b)(1)(F)(ii)(a) for 
alterations. 


602.0 Material. 


602.1 General. Materials used for duct systems shall com- 
ply with Section 602.2 through Section 602.6 as applicable. 


Exception: [OSHPD 1, 1R, 2, 3, 4 & 5] See Section 407.4.1.3. 


[Not permitted for OSHPD 1, 1R, 2, 3, 4 & 5] Con- 
cealed building spaces or independent construction within 
buildings shall be permitted to be used as ducts or plenums. 
Gypsum board shall not be used for positive pressure ducts. 


Exception: In healthcare facilities, concealed spaces shall not 
be permitted to be used as ducts or plenums. 


602.2 Combustibles Within Ducts or Plenums. Mate- 
rials exposed within ducts or plenums shall be noncom- 
bustible or shall have a flame spread index not to exceed 25 
and a smoke-developed index not to exceed 50, where tested 
as a composite product in accordance with ASTM E84 or UL 
723. Plastic piping installed in plenums shall be tested in 
accordance with all requirements of ASTM E84 or UL 723. 
Mounting methods, supports and sample sizes of materials 
for testing that are not specified in ASTM E84 or UL 723 
shall be prohibited. 


Exceptions: 


(1) Return-air and outside-air ducts, plenums, or concealed 
spaces that serve a dwelling unit. 


(2) Air filters in accordance with the requirements of Sec- 
tion 311.2. 


(3) Water evaporation media in an evaporative cooler. 


(4) Charcoal filters where protected with an approved fire 
suppression system. 
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(5) Products listed and labeled for installation within 
plenums in accordance with Section 602.2.1 through 
Section 602.2.3. 


(6) Smoke detectors. 


(7) Duct insulation, coverings, and linings and other supple- 
mentary materials installed in accordance with Section 
605.0. 


(8) Materials in a hazardous fabrication area including the 
areas above and below the fabrication area sharing a 
common air recirculation path with the fabrication area. 


602.2.1 Electrical. Electrical wiring in plenums shall 
comply with the California Electrical Code. Electrical 
wires and cables and optical fiber cables shall be listed 
and labeled for use in plenums and shall have a flame 
spread distance not exceeding 5 feet (1524 mm), an aver- 
age optical density not exceeding 0.15, and a peak opti- 
cal density not exceeding 0.5, where tested in accordance 
with NFPA 262. 


602.2.2 Fire Sprinkler Piping. Nonmetallic fire sprin- 
kler piping in plenums shall be listed and labeled for use 
in plenums and shall have a flame spread distance not 
exceeding 5 feet (1524 mm), an average optical density 
not exceeding 0.15 and, a peak optical density not 
exceeding 0.5, where tested in accordance with UL 1887. 


602.2.3 Pneumatic Tubing. Nonmetallic pneumatic 
tubing in plenums shall be listed and labeled for use in 
plenums and shall have a flame spread distance not 
exceeding 5 feet (1524 mm), an average optical density 
not exceeding 0.15, and a peak optical density not 
exceeding 0.5, where tested in accordance with UL 1820. 


602.2.4 Discrete Products in Plenums. Discrete 
plumbing, mechanical, and electrical products that are 
located in a plenum and have exposed combustible mate- 
rial shall be listed and labeled in accordance with UL 
2043. 


602.3 Metallic. Ducts, plenums, or fittings of metal shall com- 
ply with SMACNA HVAC Duct Construction Standards — 
Metal and Flexible. Flexible metallic ducts shall comply with 
UL 181. 


602.4 Nonmetallic Ducts. Nonmetallic ducts shall comply 
with Section 602.4.1, Section 602.4.2, Section 602.4.3 or Sec- 
tion 602.4.4. 


602.4.1 Phenolic. Phenolic duct, plenum, or fitting 
material shall comply with UL 181. Ducts, plenums, or 
fittings of phenolic shall be constructed in accordance 
with SMACNA Phenolic Duct Construction Standards 
or the conditions of its listing. 

602.4.2 Gypsum. Where gypsum products are exposed 
in ducts or plenums, the air temperature shall be 
restricted to a range from 50°F (10°C) to 125°F (52°C), 
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and moisture content shall be controlled so that the mate- 
rial is not adversely affected. All gypsum products shall 
have a mold or mildew resistant surface. For the purpose 
of this section, gypsum products shall not be exposed in 
supply ducts. 


602.4.3 Air Dispersion Systems. Air dispersion sys- 
tems shall be listed and labeled in accordance with UL 
2518. 


602.4.4 Other Materials. Flexible and rigid ducts, 
plenums, or fittings for use in heating, ventilation, and 
air conditioning systems of other nonmetallic materials 
listed and labeled to UL 181 shall be permitted. 


Exception: Plastic ducts shall comply with Section 
603.5. 


602.5 Vibration Isolators. Vibration isolation connectors 
installed between mechanical equipment and metal ducts (or 
casings) shall be made of an approved material and shall not 
exceed 10 inches (254 mm) in length. 


602.6 Corridors. Corridors shall not be used to convey air 
to or from rooms where the corridor is required to be of fire- 
resistive construction in accordance with the building code 
except where permitted by the building code. 


603.0 Installation of Ducts. 


603.1 General. Air ducts shall be installed in accordance 
with this chapter and the installation instructions. 


603.1.1 Pressure Classification. The pressure clas- 
sification of ducts shall be not less than the design oper- 
ating pressure of the air distribution in which the duct is 
utilized. 


603.1.2 Air Temperature. The temperature of the air to 
be conveyed in a duct shall not exceed 250°F (121°C). 


603.1.3 Protection. Air ducts, other than plastic ducts, 
shall be installed with not less than 4 inches (102 mm) of 
separation from earth, except where installed as a liner 
inside of concrete, tile, or metal pipe and shall be pro- 
tected from physical damage. 


603.1.4 Vertical Risers. Ducts listed and labeled to UL 
181 shall not be used for vertical risers in air-duct sys- 
tems serving more than two stories. 


603.1.5 Penetrations. Ducts listed and labeled to UL 
181 shall not penetrate a fire-resistance-rated assembly or 
construction. 


603.2 Under Floor or Crawl Space. Air ducts installed 
under a floor in a crawl space shall be installed in accordance 
with the following: 
(1) Shall not prevent access to an area of the crawl space. 
(2) Where it is required to move under ducts for access to 
areas of the crawl space, a vertical clearance of not less 
than 18 inches (457 mm) shall be provided. 
603.3 Metal Ducts. Ducts shall be supported at each change 
of direction and in accordance with SMACNA HVAC Duct 
Construction Standards — Metal and Flexible. Riser ducts 
shall be held in place by means of metal straps or angles and 
channels to secure the riser to the structure. 
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Ducts shall be installed in a building with clearances that | 


will retain the full thickness of fireproofing on structural 
members. 


603.3.1 Earthquake Loads. Ducts located in struc- 
tures that are installed in areas classified as seismic 
design category C, D, E, or F shall be in accordance with 
the California Building Code or California Residential 
Code. 


603.4 Flexible Air Ducts. Flexible air ducts shall comply 
with UL 181, and shall be installed in accordance with the 
manufacturer’s installation instructions and SMACNA 
HVAC Duct Construction Standards — Metal and Flexible. 


Flexible air duct installations shall comply with the following: 
(1) Ducts shall be installed using the minimum required 
length to make the connection. 

(2) Horizontal duct runs shall be supported at not more than 
4 feet (1219 mm) intervals. 


Vertical risers shall be supported at not more than 6 feet 
(1829 mm) intervals. 


(3) 


Sag between support hangers shall not exceed 2 inch 
(12.7 mm) per foot (305 mm) of support spacing. 


(4) 
(5) Supports shall be rigid and shall be not less than 1/4 
inches (38 mm) wide at point of contact with the duct 
surface. 


Duct bends shall be not less than one duct diameter bend 
radius. 


(6) 
(7) Screws shall not penetrate the inner liner of non-metal- 
lic flexible ducts unless permitted in accordance with the 
manufacturer’s installation instructions. 

(8) Fittings for attaching non-metallic ducts shall be beaded 
and have a collar length of not less than 2 inches (51 mm) 
for attaching the duct. Metal worm-gear clamps shall be 
used. 


Exception: Where attaching metallic ducts using screws 
in accordance with the manufacturer’s installation 
instructions. 


Duct inner liner shall be installed at not less than 1 inch 
(25.4 mm) on the collar and past the bead prior to the 
application of the tape and mechanical fastener. Where 
mastic is used instead of tape, the mastic shall be applied 
in accordance the mastic manufacturer’s instructions. 


(9) 


(10) Duct outer vapor barriers shall be secured using two 
wraps of approved tape. A mechanical fastener shall be 
permitted to be used in place of, or in combination with, 
the tape. 


(11) Flexible air ducts shall not penetrate a fire-resistance- 
rated assembly or construction. 


(12) The temperature of the air to be conveyed in a flexible air 
duct shall not exceed 250°F (121°C). 


(13) Flexible Air ducts shall be sealed in accordance with Sec- 
tion 603.9. 


603.4.1 Length Limitation. [Not permitted for 
OSHPD 1, 1R, 2, 3, 4 & 5] Flexible air ducts shall be not 
more than 5 feet (1524 mm) in length and shall not be 
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used in lieu of rigid elbows or fittings. Flexible air ducts 
shall be permitted to be used as an elbow at a terminal 
device. 


Exception: Residential occupancies. 


603.4.1.1 Flexible Ducts. [OSHPD 1, 1R, 2, 3,4 
& 5] In hospital building projects and all other 
health-care facilities, including clinics and correc- 
tional treatment centers, flexible ducts of not more 
than 10 feet (3048 mm) in length may be used to 
connect supply, return or exhaust-air terminal 
devices to rigid duct systems. Where constant vol- 
ume, variable volume or mixing boxes are utilized, 
flexible duct of not more than 10 feet (3048 mm), 
may be used on the inlet side for alignment. An inter- 
nal impervious liner shall be provided to isolate 
insulation material from conditioned air. 


603.4.2 Flexible Air Connectors. Flexible air con- 
nectors shall not be permitted. 


»> 603.5 Plastic Ducts. Plastic air ducts and fittings shall be 
permitted where installed underground and listed for such 
use. 


»> 603.6 Protection of Ducts. Ducts installed in locations 
where they are exposed to mechanical damage by vehicles or 
from other causes shall be protected by approved barriers. 


>>] 603.7 Support of Ducts. Ducts shall be supported in 
accordance with the manufacturer’s installation instructions; 
and Section 603.7.1, Section 603.7.2 or Section 603.7.3. 


603.7.1 Metal Ducts. Ducts shall be supported at each 
change of direction and in accordance with SMACNA 
HVAC Duct Construction Standards — Metal and Flexi- 
ble. Riser ducts shall be held in place by means of metal 
straps or angles and channels to secure the riser to the 
structure. 


» 603.7.1.1 Rectangular Ducts. Supports for rec- 
tangular ducts shall be installed on two opposite 
sides of each duct and shall be riveted, bolted, or 
metal screwed to each side of the duct at intervals 
specified. 


» 603.7.1.2 Horizontal Round Ducts. Horizontal 
round ducts not more than 40 inches (1016 mm) in 
diameter where suspended from above shall be sup- 
ported with one hanger per interval and in accordance 

| with Section 603.7.1.3 through Section 603.7.1.5. 


»» 603.7.1.3 Tight-Fitting Around the Perimeter. 
Ducts shall be equipped with tight-fitting circular 
bands extending around the entire perimeter of the 
duct at each specified support interval. 

» 603.7.1.4 Size of Circular Bands. Circular bands 
shall be not less than | inch (25.4 mm) wide nor less 
than equivalent to the gauge of the duct material it 
supports. 

Exception: Ducts not more than 10 inches (254 
mm) in diameter shall be permitted to be supported 
by No. 18 gauge galvanized steel wire. 


»» 603.7.1.5 Connection. Each circular band shall be 
provided with means of connecting to the suspend- 
ing support. 
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603.72 Flexible Air Ducts. Flexible air ducts shall be 
supported in accordance with Section 603.4. 


603.7.3 Other Ducts. Other approved ducts shall be 
supported in accordance with the manufacturer’s instal- 
lation instructions. 


603.8 Protection Against Flood Damage. In flood haz- 
ard areas, ducts shall be located above the elevation required 
by the building code for utilities and attendant equipment or 
the elevation of the lowest floor, whichever is higher, or shall 
be designed and constructed to prevent water from entering or 
accumulating within the ducts during floods up to such ele- 
vation. Where the ducts are located below that elevation, the 
ducts shall be capable of resisting hydrostatic and hydrody- 
namic loads and stresses, including the effects of buoyancy, 
during the occurrence of flooding to such elevation. 


603.9 Joints and Seams of Ducts. Joints and seams for 
duct systems shall comply with SMACNA HVAC Duct Con- 
struction Standards — Metal and Flexible. Joints of duct sys- 
tems shall be made substantially airtight by means of tapes, 
mastics, gasketing, or other means. Crimp joints for round 
ducts shall have a contact lap of not less than 1/4 inches (38 
mm) and shall be mechanically fastened by means of not less 
than three sheet-metal screws equally spaced around the joint, 
or an equivalent fastening method. 


603.9.1 Closure Systems. Joints and seams and rein- 
forcements for air ducts and plenums listed and labeled 
to UL 181, shall be in accordance with the manufac- 
turer’s installation instructions. Closure systems for seal- 
ing air ducts and plenums shall be listed and labeled in 
accordance with UL 181A or UL 181B, and marked in 
accordance with Table 603.9.1. 


TABLE 603.9.1 
CLOSURE MARKINGS 


TYPE OF CLO- | 


TYPE OF cpabcibanks’ janine. c SURE SYSTEM ba aiubgs 
Rigid Metallic or Pressure | 
Rigid Fiberglass Dias Sensitive Tape | Me | 
Rigid Mewllic ops ee ve Powe cyreuur firs Sic aines | 
pip ihellass | UL 181A Mastic Tape | 181A-M | 
Rigid Metallic or LIN BT aes | edo Ie 
Rigid Fiberglass | Wha aas Sensitive Tape | enya 
Flexible Air Ducts UL 181B Pressure , | 181B-FX*. 
Sensitive Tape’ | 
Flexible Air Ducts =| UL 181B Mastic’ = 181B-M"* 


* Mechanical fasteners shall be used in conjunction with a listed pressure 
sensitive tape or mastic in accordance with UL 181. Nonmetallic mechan- 
ical fasteners shall be listed and labeled in accordance with UL 181B and 
labeled “181B-C.” 


603.9.2 Duct Leakage Tests. [Not adopted by 
HCD] Ductwork shall be leak-tested in accordance with 
the SMACNA HVAC Air Duct Leakage Test Manual. 
Representative sections totaling not less than 10 percent 
of the total installed duct area shall be tested. Where the 
tested 10 percent fail to comply with the requirements of 
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this section, then 40 percent of the total installed duct 
area shall be tested. Where the tested 40 percent fail to 
comply with the requirements of this section, then 100 
percent of the total installed duct area shall be tested. 
Sections shall be selected by the building owner or des- 
ignated representative of the building owner. Positive 
pressure leakage testing shall be permitted for negative 
pressure ductwork. The permitted duct leakage shall be 
not more than the following: 


Lai) G& akan ae (Equation 603.9.2) 

Where: 

tmax = Maximum permitted leakage, (ft?/min)/100 
square feet [0.0001 (m?/s)/m?] duct surface 
area. 

Cr = six, duct leakage class, (ft?/min)/100 square 
feet [0.0001 (m?/s)/m7] duct surface area at 
1 inch water column (0.2 kPa). 

a = test pressure, which shall be equal to the 


design duct pressure class rating, inch 
water column (kPa). 


Exception: Transfer air duct operating at less than | inch 
of water column (0.25 kPa). 


603.9.2.1 Duct Leakage Tests for Buildings 
that Meet Air Distribution System Duct Leak- 
age Sealing Criteria in Title 24, Part 6. For duct 
leakage testing, see California Energy Code Sec- 
tions 150.0(m)(11) for single family buildings, Sec- 
tion 160.3(b) for multifamily buildings, and Section 
120.4(g) for nonresidential and Hotel Motel build- 
ings. 


y)] 603.10 Cross Contamination. Exhaust ducts that convey 


»» 


Class 4 air shall be negatively pressurized relative to ducts, 
plenums, or occupiable spaces through which the ducts pass. 
Exhaust ducts under positive pressure that convey Class 2 or 
Class 3 air shall not extend into or pass through ducts, 
plenums, or occupiable spaces other than the space from 
which the exhaust air is drawn. 


Exception: Exhaust ducts conveying Class 2 air and exhaust 
ducts conveying air from residential kitchen hoods that are 
sealed in accordance with Seal Class A of the SMACNA 
HVAC Air Duct Leakage Test Manual. {ASHRAE 62.1:5.2.1, 
Sah 


603.11 Underground Installation. Ducts installed under- 
ground shall be approved for the installation and shall have a 
slope of not less than ' inch per foot (10.4 mm/m) back to the 
main riser. Ducts, plenums, and fittings shall be permitted to 
be constructed of concrete, clay, or ceramics where installed 
in the ground or in a concrete slab, provided the joints are 
sealed and duct is secured in accordance with SMACNA 
HVAC Duct Construction Standards — Metal and Flexible. 
Metal ducts where installed in or under a concrete slab shall 
be encased in not less than 2 inches (51 mm) of concrete, 
secured in accordance with SMACNA HVAC Duct Con- 
struction Standards — Metal and Flexible. 
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603.12 Air Dispersion Systems. Where installed, air dis- << 


persion systems shall be completely in exposed locations in 
duct systems under positive pressure, and not pass through or 
penetrate fire-resistant-rated construction. Air dispersion sys- 
tems shall be listed and labeled in accordance with UL 2518. 


603.13 Clearances. Duct clearances shall be in accordance 
with Section 603.13.1 through Section 603.13.6. 


603.13.1 General. Duct clearances to combustible con- 
struction shall be in accordance with the listing and the 
manufacturer’s installation instructions. 


603.13.2 Supply Air Ducts to Listed Furnaces. 
Supply air ducts connecting to listed central heating fur- 
naces shall have the same minimum clearance to com- 
bustibles as required for the furnace supply plenum for a 
distance of not less than 3 feet (914 mm) from the sup- 
ply plenum. Clearance shall not be required beyond the 
3 feet (914 mm) distance. [NFPA 54:10.3.2.7] 


« 


603.13.3 Supply Air Ducts to Unlisted Furnaces. << 


Supply air ducts connecting to unlisted central heating fur- 
naces equipped with ternperature limit controls with a 
maximum setting of 250°F (121°C) shall have a minimum 
clearance to combustibles of 6 inches (152 mm) for a dis- 
tance of not less than 6 feet (1829 mm) from the furnace 
supply plenum. Clearance shall not be required beyond the 
6 feet (1829 mm) distance. [NFPA 54:10.3.2.8] 


603.13.4 Furnace Plenums and Air Ducts. A fur- 
nace plenum supplied as a part of the air-conditioning 
appliance shall be installed in accordance with the man- 
ufacturer’s instructions. Where a furnace plenum is not 
supplied with the appliance, any fabrication and installa- 
tion instructions provided by the manufacturer shall be 
followed. The method of connecting supply and return 
ducts shall facilitate proper circulation of air. Where the 
air conditioner is installed within an enclosure, the instal- 
lation shall comply with Section 604.4. [NFPA 54:10.2.5] 


603.13.5 Duct Furnaces. Duct furnaces shall be 
installed in accordance with Section 905.0. 


603.13.6 Fuel-Burning Kilns. A hood and duct serv- |<< 


ing a fuel-burning kiln shall have a clearance from com- 
bustible construction of not less than 18 inches (457 
mm). This clearance shall be permitted to be reduced in 
accordance with Table 303.10.1. 


604.0 Furnace Plenums and Ducts Used in Fuel-Gas 
Appliances. 


604.1 Furnace Plenums and Air Ducts. Furnace plenums 
and air ducts shall be installed in accordance with this Chap- 
ter, and NFPA 90A or NFPA 90B. {NFPA 54:10.3.7.1} 


604.2 Supplied as a Part of Furnace. A furnace plenum 
supplied as a part of a furnace shall be installed in accordance 
with the manufacturer’s instructions. [NFPA 54:10.3.7.2] 


604.3 Not Supplied with the Furnace. Where a furnace 
plenum is not supplied with the furnace, any fabrication and 
installation instructions provided by the manufacturer shall 
be followed. The method of connecting supply and return 
ducts shall facilitate proper circulation of air. [NFPA 
54:10.3.7.3] 
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604.4 Return Air. Where a furnace is installed so supply 
ducts carry air circulated by the furnace to areas outside the 
space containing the furnace, the return air shall also be han- 
dled by a duct(s) sealed to the furnace casing and terminating 
outside the space containing the furnace. [NFPA 54:10.3.7.4] 


605.0 Insulation of Ducts. 

605.1 General. Air ducts conveying air at temperatures 
exceeding 140°F (60°C) shall be insulated to maintain an 
insulation surface temperature of not more than 140°F (60°C). 


| Insulation material on the exterior of ducts shall be legibly 


» 


» 


printed with the name of the manufacturer, the thermal resist- 
ance (R) value at installed thickness, flame-spread index, and 
smoke developed index of the composite material. Internal 
duct liners and insulation shall be installed in accordance with 
SMACNA HVAC Duct Construction Standards — Metal and 
Flexible. [OSHPD 1, 1R, 2, 3, 4 & 5] Cold air ducts shall be 


insulated wherever necessary or to prevent condensation. 
Exceptions: 


(1) Factory-installed plenums, casings, or ductwork fur- 
nished as a part of HVAC equipment tested and rated in 
accordance with approved energy efficiency standards. 

(2) Ducts or plenums located in conditioned spaces where 

heat gain or heat loss will not increase energy use. 

For runouts less than 10 feet (3048 mm) in length to air 

terminals or air outlets, the rated R-value of insulation 

need not exceed R-3.5. 


(3) 


(4) Backs of air outlets and outlet plenums exposed to 
unconditioned or indirectly conditioned spaces with face 
areas exceeding 5 square feet (0.5 m’) need not exceed R- 
2; those 5 square feet (0.5 m*) or smaller need not be 
insulated. 

(5) Ducts and plenums used exclusively for evaporative 
cooling systems. 


605.1.1 Within Ducts or Plenums. Materials installed 
within ducts and plenums for insulating, sound deaden- 
ing, or other purposes shall have a mold, humidity, and 
erosion-resistant surface where tested in accordance with 
UL 181. Duct liners in systems operating with air veloc- 
ities exceeding 2000 feet per minute (10.16 m/s) shall be 
fastened with both adhesive and mechanical fasteners, 
and exposed edges shall have approved treatment to with- 
stand the operating velocity. Where the internal insula- 
tion is capable of being in contact with condensates or 
other liquids, the material shall be water-resistant. Pipe 
and duct insulation shall not be used to reduce the maxi- 
mum flame and smoke requirements in Section 602.2 
unless listed for application in plenums and tested in 
accordance with ASTM E84 or UL 723 as a composite 
assembly of the duct or pipe and its associated insulation, 
coatings and adhesives. 


605.1.2 Duct Coverings and Linings. Insulation 
applied to the surface of ducts, including duct coverings, 
linings, tapes, and adhesives, located in buildings shall 
have a flame-spread index not to exceed 25 and a smoke- 
developed index not to exceed 50, where tested in accor- 
dance with ASTM E84 or UL 723. The specimen 
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preparation and mounting procedures of ASTM E2231 
shall be used. Air duct coverings and linings shall not 
flame, glow, smolder, or smoke where tested in accor- 
dance with ASTM C411 at the temperature to which they 
are exposed in service. In no case shall the test tempera- 
ture be less than 250°F (121°C). Coverings shall not pen- 
etrate a fire-resistance-rated assembly. 


605.2 [OSHPD 1, 1R, 2, 3 (Surgical Clinics), 4 & 5] Ther- 
mal acoustical lining materials shall not be installed within 
ducts, terminal boxes, sound traps, and other in-duct systems 
serving areas such as operating, cesarean operating rooms, 
delivery rooms, post anesthesia care units, cystoscopy, cardiac 
catheterization labs, nurseries, intensive care units, newborn 
intensive care units, and airborne infection isolation rooms 
unless filters with 90 percent average efficiency based on 
ASHRAE Standard 52.2 or minimum efficiency rating value 
(MERV) of 14 are installed downstream of the duct lining. 


605.3 [OSHPD 1, 1R, 2, 4 & 5] Thermal or acoustical lining 
materials shall not be installed within ducts which are down- 
stream of the 99.97 percent high-efficiency particulate air 
(HEPA) filter or with minimum efficiency rating value (MERV) 
of 17 required in Section 408.2.1 for protective environment 
rooms. 


606.0 Smoke Dampers, Fire Dampers, and Ceiling 
Dampers. 


606.1 Smoke Dampers. Smoke dampers shall comply 
with UL 5558S, and shall be installed in accordance with the 
manufacturer’s installation instructions where required by the 
California Building Code or California Residential Code. 


606.2 Fire Dampers. Fire dampers shall comply with UL 
555, and shall be installed in accordance with the manufac- 
turer’s installation instructions where required by the building 
code. Fire dampers shall have been tested for closure under 
airflow conditions and shall be labeled for both maximum air- 
flow permitted and direction of flow. Where more than one 
damper is installed at a point in a single air path, the entire air- 
flow shall be assumed to be passing through the smallest 
damper area. 


Ductwork shall be connected to damper sleeves or 
assemblies in accordance with the fire damper manufacturer’s 
installation instructions. 


606.3 Ceiling Radiation Dampers. Ceiling radiation 
dampers shall comply with UL 555C, and shall be installed in 
accordance with the manufacturer’s installation instructions 
in the fire-resistive ceiling membrane of floor-ceiling and 
roof-ceiling assemblies where required by the building code. 
Fire dampers not meeting the temperature limitation of ceil- 
ing radiation dampers shall not be used as a substitute. 
606.4 Multiple Arrangements. Where size requires the 
use of multiple dampers, each damper shall be listed for use 
in multiple arrangements and installed in accordance with the 
manufacturer’s installation instructions. 

606.5 Access and Identification. Fire and smoke 
dampers shall be provided with an approved means of access 
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large enough to allow inspection and maintenance of the 
damper and its operating parts. The access shall not affect the 
integrity of the fire-resistance-rated assembly. The access 
openings shall not reduce the fire-resistance rating of the 
assembly. 


Access shall not require the use of tools. Access doors 
in ducts shall be tight fitting and approved for the required 
duct construction. Access points shall be permanently identi- 
fied on the exterior by a label with letters not less than '4 of 
an inch (12.7 mm) in height reading as one of the following: 


(1) Smoke Damper 
(2) Fire Damper 
(3) Fire/Smoke Damper 


606.6 Freedom from Interference. Dampers shall be 
installed in a manner to ensure positive closing or opening as 
required by function. Interior liners or insulation shall be held 
back from portions of a damper, its sleeve, or adjoining duct 
that would interfere with the damper’s proper operation. Exte- 
rior materials shall be installed so as to not interfere with the 
operation or maintenance of external operating devices 
needed for the function of the damper. 


606.7 Temperature Classification of Operating Ele- 
ments. Fusible links, thermal sensors, and pneumatic or 
electric operators shall have a temperature rating or classifi- 
cation as in accordance with the building code. 


606.8 When the automatic activation of a smoke damper or a 
combination smoke-fire damper occurs, the HVAC system 
serving such dampers shall immediately shut down. 


Exceptions: 


(1) HVAC systems that are part of an engineered smoke evac- 
uation system. 


(2) Where the automatic activation causes all the smoke 
dampers and combination smoke-fire dampers to close in 
the enclosed space having a common atmosphere where 
openings are required to be protected. 


(3) Where analysis demonstrates shutoff would create a 
greater hazard. 


The HVAC system shall not be restarted again until all the 
dampers are reset and fully opened. 


607.0 Ventilating Ceilings. 


607.1 General. Perforated ceilings shall be permitted to be 
used for air supply within the limitations of this section. Exit 
corridors, where required to be of fire-resistive construction 
by the California Building Code, shall not have ventilating 
ceilings. 

6071.1 [OSHPD 1, 1R, 2, 3,4 & 5] Ventilating ceilings 


are not permitted in health facilities. 


607.2 Requirements. Ventilating ceilings shall comply 
with the following: 


(1) Suspended ventilating ceiling material shall have a Class 
| flame spread classification on both sides, determined in 
accordance with the building code. Suspended ventilat- 
ing ceiling supports shall be of noncombustible materi- 
als. 
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(2) Luminaires recessed into ventilating ceilings shall be of ] 
a type approved for that purpose. . 


608.0 Use of Under-Floor Space as Supply Plenum << 
for Dwelling Units. 


608.1 General. An under-floor space shall be permitted to << 
be used as a supply plenum. 


608.2 Dwelling Units. The use of under-floor space shall << 
be limited to dwelling units not more than two stories in 
height. Except for the floor immediately above the under- 
floor plenum, supply ducts shall be provided extending from 

the plenum to registers on other floor levels. 


Exception: In flood hazard areas, under-floor spaces shall 
not be used as supply plenums unless the flood opening 
requirements in the building code are met. 


608.3 Enclosed. Such spaces shall be cleaned of all loose << 
combustible scrap material and shall be tightly enclosed. 


608.4 Flammable Materials. The enclosing material of << 
the under-floor space, including the sidewall insulation, shall 

be not more flammable than 1 inch (25.4 mm) (nominal) 
wood boards (flame-spread index of 200). Installation of 
foam plastics is regulated by the building code. 


608.5 Access. Access shall be through an opening in the << 
floor and shall be not less than 24 inches by 24 inches (610 
mm by 610 mm). 
608.6 Automatic Control. A furnace supplying warm air << 
to under-floor space shall be equipped with an automatic con- 
trol that will start the air-circulating fan where the air in the 
furnace bonnet reaches a temperature not exceeding 150°F 
(66°C). Such control shall be one that cannot be set to exceed 
150°F (66°C). 
608.7 Temperature Limit. A furnace supplying warm air to << 
such space shall be equipped with an approved temperature 
limit control that will limit outlet air temperature to 200°F 
(937°C), 
608.8 Noncombustible Receptacle. A noncombustible << 
receptacle shall be placed below each floor opening into the 
air chamber, and such receptacle shall comply with Section 
608.8.1 through Section 608.8.3. 
608.8.1 Location. The receptacle shall be securely sus- << 
pended from the floor members and shall be not more than 
18 inches (457 mm) below the floor opening. 
608.8.2 Area. The area of the receptacle shall extend3 << 
inches (76 mm) beyond the opening on all sides. 
608.8.3 Perimeter. The perimeter of the receptacle << 
shall have a vertical lip not less than 1 inch (25.4 mm) 
high at the open sides where it is at the level of the bot- 
tom of the joists, or 3 inches (76 mm) high where the 
receptacle is suspended. 
608.9 Floor Registers. Floor registers shall be designed << 
for easy removal in order to give access for cleaning the 
receptacles. 
608.10 Exterior Wall and Interior Stud Partitions. << 
Exterior walls and interior stud partitions shall be fire blocked 
at the floor. 
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>» 608.11 Wall Register. Each wall register shall be connected 
to the air chamber by a register box or boot. 


»» 608.12 Distance from Combustible. A duct complying 
with Section 602.0 shall extend from the furnace supply out- 
let not less than 6 inches (152 mm) below combustible fram- 
ing. 

>» 608.13 Vapor Barrier. The entire ground surface of the 
under-floor space shall be covered with a vapor barrier hav- 
ing a thickness not less than 4 mils (0.1 mm) and a flame- 
spread index of not more than 200. 


>> 608.14 Prohibited. Fuel gas lines and plumbing waste 
cleanouts shall not be located within the space. 


>> 609.0 Automatic Shutoffs. 


)»> 609.1 Air-Moving Systems and Smoke Detectors. 
Air-moving systems supplying air in excess of 2000 cubic 
feet per minute (ft?/min) (0.9439 m/s) to enclosed spaces 
within buildings shall be equipped with an automatic shutoff. 
Automatic shutoff shall be accomplished by interrupting the 
power source of the air-moving equipment upon detection of 
smoke in the main supply-air duct served by such equipment. 
Duct smoke detectors shall comply with UL 268A, shall be 
labeled by an approved agency, approved and listed by Cali- 
fornia State Fire Marshal, and shall be installed in accordance 
with the manufacturer’s installation instructions. Such 
devices shall be compatible with the operating velocities, 
pressures, temperatures, and humidities of the system. Where 
fire-detection or alarm systems are provided for the building, 
the smoke detectors shall be supervised by such systems in an 
approved manner, and installed in accordance with NFPA 72 
and the California Building and Fire Codes. 


Exceptions: 


(1) Where the space supplied by the air-moving equipment 
is served by a total coverage smoke-detection system in 
accordance with the California Fire Code, interconnec- 
tion to such system shall be permitted to be used to 
accomplish the required shutoff. 


(2) Automatic shutoff is not required where occupied rooms 
served by the air-handling equipment have direct exit to 
the exterior, and the travel distance does not exceed 100 
feet (30 480 mm). 


(3) Automatic shutoff is not required for Group R, Division 
3 and Group U Occupancies. 


(4) Automatic shutoff is not required for approved smoke- 
control systems or where analysis demonstrates shutoff 
would create a greater hazard, such as shall be permitted 
to be encountered in air-moving equipment supplying 
specialized portions of Group H Occupancies. Such 
equipment shall be required to have smoke detection 
with remote indication and manual shutoff capability at 
an approved location. 

(5) Smoke detectors that are factory installed in listed air- 
moving equipment shall be permitted to be used in lieu 
of smoke detectors installed in the main supply-air duct 
served by such equipment. 
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CHAPTER 7 
COMBUSTION AIR 


701.0 General. 


701.1 Applicability. Air for combustion, ventilation, and 
dilution of flue gases for appliances installed in buildings 
shall be obtained by application of one of the methods cov- 
ered in Section 701.4 through Section 701.9.3. Where the 
requirements of Section 701.4 are not met, outdoor air shall 
be introduced in accordance with methods covered in Section 
701.6 through Section 701.9.3. 


Exceptions: 
(1) This provision shall not apply to direct vent appliances. 


(2) Type 1 clothes dryers that are provided with makeup air 
in accordance with Section 504.4.1. [NFPA 54:9.3.1.1] 


701.1.1 Other Types of Appliances. Appliances of 
other than natural draft design, appliances not desig- 
nated as Category I vented appliances, and appliances 
equipped with power burners shall be provided with 
combustion, ventilation, and dilution air in accordance 
with the appliance manufacturer’s instructions. [NFPA 
54:9.3.1.2] 


701.2 Pressure Difference. Where used, a draft hood or a 

barometric draft regulator shall be installed in the same room 
| or enclosure as the appliance served so as to prevent any dif- 

ference in pressure between the hood or regulator and the 
| combustion air supply. [NFPA 54:9.3.1.4] 


701.3 Makeup Air. Where exhaust fans, clothes dryers, and 
kitchen ventilation systems interfere with the operation of 
appliances, makeup air shall be provided. [NFPA 54:9.3.1.5] 


701.4 Indoor Combustion Air. The required volume of 
indoor air shall be determined in accordance with the method 
in Section 701.4.1 or Section 701.4.2 except that where the air 
infiltration rate is known to be less than 0.40 ACH (air change 
per hour), the method in Section 701.4.2 shall be used. The 
total required volume shall be the sum of the required vol- 
ume calculated for appliances located within the space. 
Rooms communicating directly with the space in which the 
appliances are installed through openings not furnished with 
doors, and through combustion air openings sized and located 
in accordance with Section 701.5, are considered a part of the 
required volume. [NFPA 54:9.3.2] 


| 701.4.1 Standard Method. The minimum required 


volume shall be 50 cubic feet per 1000 British thermal 
units per hour (Btu/h) (4.83 m?/kW). [NFPA 54:9.3.2.1] 
701.4.2 Known Air Infiltration Rate Method. Where 
the air infiltration rate of a structure is known, the mini- 
mum required volume shall be determined as follows 
[NFPA 54:9.3.2.2]: 
(1) For appliances other than fan-assisted, calculate 
using the following Equation 701.4.2(1). [NFPA 
54:9.3.2.2(1)] 
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[Equation 701.4.2(1)] 
, 21at tei 
Required Volume, jj,o,= wr rE (<t7) 


(2) For fan-assisted appliances, calculate using the fol- 
lowing Equation 701.4.2(2). [NFPA 54: 9.3.2.2(2)] 


[Equation 701.4.2(2)] 


3 i. 
Required Volume,,,, = eva 2 fae 
ACH 1000 Btu/h 


Where: 

T other =  Allappliances other than fan-assisted input 
(Btu/h) 

I fan = Fan-assisted appliance input (Btu/h) 

ACH = _ Arrchange per hour (percent of volume of 


space exchanged per hour, expressed as a 
decimal) 
For SI units: 1 cubic foot = 0.0283 m*, 1000 British thermal units per 
hour = 0.293 kW 


(3) For purposes of these calculations, an infiltration 
rate greater than 0.60 ACH shall not be used in the 
equations in Section 701.4.2(1) and Section 
701.4.2(2). [NFPA 54:9.3.2.2(3)] 


701.5 Indoor Opening Size and Location. Openings 
used to connect indoor spaces shall be sized and located in 
accordance with the following: 

(1) Combining spaces on the same story. Each opening shall 
have a minimum free area of | square inch per 1000 
Btu/h (0.002 m?/kW) of the total input rating of all appli- 
ances in the space, but not less than 100 square inches 
(0.065 m7). One permanent opening shall commence 
within 12 inches (305 mm) of the top of the enclosure 
and one permanent opening shall commence within 12 
inches (305 mm) of the bottom of the enclosure (see Fig- 
ure 701.5). The minimum dimension of air openings 
shall not be less than 3 inches (76 mm). 

(2) Combining spaces in different stories. The volumes of 
spaces in different stories shall be considered as com- 
municating spaces where such spaces are connected by 
one or more permanent openings in doors or floors hav- 
ing a total minimum free area of 2 square inches per 1000 
Btu/h (0.004 m?/kw) of total input rating of all appli- 
ances. [NFPA 54:9.3.2.3] 

701.6 Outdoor Combustion Air. Outdoor combustion air 

shall be provided through opening(s) to the outdoors in accor- 
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dance with the methods in Section 701.6.1 or Section 701.6.2. 
| The minimum dimension of air openings shall not be less than 
3 inches (76 mm). [NFPA 54:9.3.3] 


+———- Chimney or gas vent 


FIGURE 701.5 
ALL COMBUSTION AIR FROM ADJACENT INDOOR SPACES 
THROUGH INDOOR COMBUSTION AIR OPENINGS 
[NFPA 54: FIGURE A.9.3.2.3(1)] 


701.6.1 Two Permanent Openings Method. Two per- 

manent openings, one commencing within 12 inches (305 

mm) of the top of the enclosure and one commencing 

within 12 inches (305 mm) of the bottom of the enclosure, 

shall be provided. The openings shall communicate 
directly, or by ducts, with the outdoors or spaces that freely 
communicate with the outdoors as follows: 

(1) Where directly communicating with the outdoors or 
where communicating to the outdoors through vertical 
ducts, each opening shall have a minimum free area 
of 1 square inch per 4000 Btu/h (0.0005 m?/kW) of 
total input rating of all appliances in the enclosure. 
[See Figure 701.6.1(1) and Figure 701.6.1(2)] 

(2) Where communicating with the outdoors through hor- 
izontal ducts, each opening shall have a minimum free 
area of not less than | square inch per 2000 Btu/h 
(0.001 m?/kW) of total input rating of all appliances 
in the enclosure. [See Figure 701.6.1(3)] [NFPA 
54:9.3.3.1] 

701.6.2 One Permanent Opening Method. One per- 
manent opening, commencing within 12 inches (305 mm) 
of the top of the enclosure, shall be provided. The appli- 
ance shall have clearances of at least 1 inch (25.4 mm) from 
the sides and back and 6 inches (152 mm) from the front of 
the appliance. The opening shall directly communicate with 
the outdoors or shall communicate through a vertical or 
horizontal duct to the outdoors or spaces that freely com- 
municate with the outdoors (see Figure 701.6.2) and shall 
have a minimum free area of the following: 

(1) One square inch per 3000 Btu/h (0.0007 m?/kW) of 
the total input rating of all appliances located in the 
enclosure. 
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(2) Not less than the sum of the areas of all vent con- 
nectors in the space. [NFPA 54:9.3.3.2] 
701.7 Combination Indoor and Outdoor Combustion 
Air. The use of a combination of indoor and outdoor com- 
bustion air shall be in accordance with Section 701.7.1 
through Section 701.7.3. [NFPA 54:9.3.4] (see Appendix G 
for example calculations) 


+—— Chimney or A vent 


Ventilation louvers 
(each end of attic) 


Alternate 
air inlet 


apes SUSE RSP | 1111 | PRT SR ae coined eet | 1 
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Ventilation louvers for 
unheated crawl space 


FIGURE 701.6.1(1) 
ALL COMBUSTION AIR FROM OUTDOORS - INLET 
AIR FROM VENTILATED CRAWL SPACE AND OUTLET AIR TO 
VENTILATED ATTIC 
[NFPA 54: FIGURE A.9.3.3.1(1)(a)] 


'¢—— Chimney or gas vent 


Ventilation louvers 
(each end of attic) 


Outlet air 


Inlet air duct 
(ends 1 foot 
above floor) 


FIGURE 701.6.1(2) 
ALL COMBUSTION AIR FROM OUTDOORS 
THROUGH VENTILATED ATTIC 
[NFPA 54: FIGURE A.9.3.3.1(1)(b)] 
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701.7.1 Indoor Openings. Where used, openings con- 
necting the interior spaces shall comply with Section 
701.5. [NFPA 54:9.3.4(1)] 


f Chimney or gas vent 


FIGURE 701.6.1(3) 
ALL COMBUSTION AIR FROM OUTDOORS 
THROUGH HORIZONTAL DUCTS 
[NFPA 54: FIGURE A.9.3.3.1(2)] 


701.7.2 Outdoor Opening(s) Location. Outdoor 
opening(s) shall be located in accordance with Section 
701.6. [NFPA 54: 9.3.4(2)] 


701.73 Outdoor Opening(s) Size. The outdoor 
opening(s) size shall be calculated in accordance with the 
following: 


(1) The ratio of the interior spaces shall be the available 
volume of all communicating spaces divided by the 
required volume. 


(2) The outdoor size reduction factor shall be 1 minus 
the ratio of interior spaces. 


(3) The minimum size of outdoor opening(s) shall be 
the full size of outdoor opening(s) calculated in 
accordance with Section 701.6, multiplied by the 
reduction factor. The minimum dimension of air 
openings shall not be less than 3 inches (76 mm). 
[NFPA 54:9.3.4(3)] 


701.8 Engineered Installations. Engineered combustion 
air installations shall provide an adequate supply of combus- 
tion, ventilation, and dilution air and shall be approved by the 
Authority Having Jurisdiction. [NFPA 54:9.3.5] 


| 701.9 Mechanical Combustion Air Supply. Where all 


combustion air is provided by a mechanical air supply sys- 
tem, the combustion air shall be supplied from outdoors at 
the minimum rate of not less than 0.35 cubic feet per minute 
per 1000 Btu/h [0.034 (m?/min)/kW] for all appliances 
located within the space. [NFPA 54:9.3.6] 
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COMBUSTION AIR 


701.9.1 Exhaust Fans. Where exhaust fans are 
installed, additional air shall be provided to replace the 
exhausted air. [NFPA 54:9.3.6.1] 


Chimney or gas vent 


Alternate 
opening 
location 


FIGURE 701.6.2 
ALL COMBUSTION AIR FROM OUTDOORS THROUGH 
SINGLE COMBUSTION AIR OPENING 
[NFPA 54: FIGURE A.9.3.3.2] 


701.9.2 Interlock. Each of the appliances served shall 
be interlocked to the mechanical air supply system to pre- 
vent main burner operation where the mechanical air 
supply system is not in operation. [NFPA 54:9.3.6.2] 


701.9.3 Specified Combustion Air. Where combus- 
tion air is provided by the building’s mechanical venti- 
lation system, the system shall provide the specified 
combustion air rate in addition to the required ventila- 
tion air. [NFPA 54:9.3.6.3] 


701.10 Louvers, Grilles, and Screens. The required size 
of openings for combustion, ventilation, and dilution air shall 
be based on the net free area of each opening. Where the free 
area through a design of louver, grille, or screen is known, it 
shall be used in calculating the size opening required to pro- 
vide the free area specified. Where the louver and grille 
design and free area are not known, it shall be assumed that 
wood louvers have 25 percent free area and metal louvers and 
grilles have 75 percent free area. Nonmotorized louvers and 
grilles shall be fixed in the open position. [NFPA 54:9.3.7.1] 


701.10.1 Minimum Screen Mesh Size. Screens shall 
not be smaller than 4 of an inch (6.4 mm) mesh. [NFPA | 
54:9.3.7.2] 

701.10.2 Motorized Louvers. Motorized louvers shall 
be interlocked with the appliance so they are proven in 
the full open position prior to main burner ignition and 
during main burner operation. Means shall be provided to 
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prevent the main burner from igniting should the louver 
fail to open during burner startup and to shut down the 
main burner if the louvers close during burner operation. 
[NFPA 54:9.3.7.3] 


701.11 Combustion Air Ducts. Combustion air ducts shall 
comply with the following [NFPA 54:9.3.8]: 


(1) Ducts shall be constructed of galvanized steel or a mate- 

rial having equivalent corrosion resistance, strength, and 
rigidity. 
Exception: Within dwellings units, unobstructed stud 
and joist spaces shall not be prohibited from conveying 
combustion air, provided that not more than one fire- 
block is removed. [NFPA 54:9.3.8.1] 


(2) Ducts shall terminate in an unobstructed space, allowing 
free movement of combustion air to the appliances. 
[NFPA 54:9.3.8.2] 


(3) Ducts shall serve a single space. [NFPA 54:9.3.8.3] 


(4) Ducts shall not serve both upper and lower combustion 
air openings where both such openings are used. The sep- 
aration between ducts serving upper and lower combus- 
tion air openings shall be maintained to the source of 
combustion air. [NFPA 54:9.3.8.4] 


(5) Ducts shall not be screened where terminating in an attic 
space. [NFPA 54:9.3.8.5] 


(6) Combustion air intake openings located on the exterior of 
the building shall have the lowest side of the combustion 
air intake openings located at least 12 inches (305 mm) 
vertically from the adjoining finished ground level. 
[NFPA 54:9.3.8.8] 


(7) Horizontal upper combustion air ducts shall not slope 
downward toward the source of combustion air. [NFPA 
54:9.3.8.6] 


(8) The remaining space surrounding a chimney liner, gas 
vent, special gas vent, or plastic piping installed within a 
masonry, metal, or factory built chimney shall not be 
used to supply combustion air. 


Exception: Direct vent appliances designed for installa- 
tion in a solid fuel-burning fireplace where installed in 
accordance with the manufacturer’s installation instruc- 
tions. [NFPA 54:9.3.8.7] 


701.12 Dampers Prohibited. Combustion air ducts or 
plenums shall not be installed so as to require openings in or 
penetrations through construction where fire dampers are 
required. Manually operated dampers shall not be installed in 
combustion air openings. With prior approval, power-actu- 
ated movable louvers admitting combustion air shall be per- 
mitted to be used and, where installed, shall be electrically 
interlocked with the main burner fuel-supply valve so as to 
prevent fuel delivery unless the louvers are in the fully open 
position. 


702.0 Extra Device or Attachment. 


702.1 General. No device or attachment shall be installed 
| on any appliance that could in any way impair the combustion 
of gas. [NFPA 54:9.1.15] 
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CHAPTER 8 
CHIMNEYS AND VENTS 


801.0 General. 


801.1 Applicability. The requirements of this chapter shall 
govern the venting of fuel-burning appliances. 


801.2 Venting of Gas Appliances. Low-heat and 
medium-heat gas appliances shall be vented in accordance 
with this chapter. Other gas appliances shall be vented in 
accordance with NFPA 211 or other applicable standards. 

801.3 Appliances Fueled by Other Fuels. Appliances 
fueled by fuels other than gas shall be vented in accordance 
with NFPA 211 and the appliance manufacturer’s instructions. 


802.0 Venting of Appliances. 


802.1 Listing. Type B and Type B-W gas vents shall com- 
ply with UL 441, Type L gas vents shall comply with UL 641. 


802.1.1 Installation. Listed vents shall be installed in 
accordance with this chapter and the manufacturer’s 
installation instructions. [NFPA 54:12.2.1] 


802.1.2 Prohibited Discharge. Appliance vents shall 
not discharge into a space enclosed by screens having 
openings less than '4 of an inch (6.4 mm) mesh. 


802.2 Connection to Venting Systems. Except as per- 
mitted in Section 802.2.1 through Section 802.2.7, all appli- 
ances shall be connected to venting systems. [NFPA 
54:12.3.1] 


802.2.1 Appliances Not Required to be Vented. 
The following appliances shall not be required to be 
vented: 


(1) Listed ranges. 


(2) Built-in domestic cooking units listed and marked 
for optional venting. 


(3) Listed hot plates. 


(4) Listed Type 1 clothes dryers exhausted in accor- 
dance with Section 504.4. 


(5) A single listed booster-type (automatic instanta- 
neous) water heater, when designed and used solely 
for the sanitizing rinse requirements of a dishwash- 
ing machine, provided that the appliance is installed 
with the draft hood in place and unaltered, if a draft 
hood is required, in a commercial kitchen having a 
mechanical exhaust system. [Where installed in this 
manner, the draft hood outlet shall not be less than 
36 inches (914 mm) vertically and 6 inches (152 
mm) horizontally from any surface other than the 
appliance. | 


(6) Listed refrigerators. 

(7) Counter appliances. 

(8) Room heaters listed for unvented use. 
(9) Direct gas-fired makeup-air heaters. 
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(10) Other appliances listed for unvented use and not pro- 
vided with flue collars. 


(11) Specialized appliances of limited input such as lab- 
oratory burners or gas lights. [NFPA 54:12.3.2] 


802.2.2 Maximum Input Rating. Where any or all of 
the appliances in Section 802.2.1(5) through Section 
802.2.1(11) are installed so the aggregate input rating 
exceeds 20 Btu/h/ft? (207 W/m?*) of room or space in 
which it is installed, one or more shall be provided with 
venting systems or other approved means for conveying 
the vent gases to the outdoors so that the aggregate input | 
rating of the remaining unvented appliances does not 
exceed 20 Btu/h/ft? (207 W/m?). [NFPA 54:12.3.2.1] 


802.2.3 Adjacent Room or Space. Where the calcu- 
lation includes the volume of an adjacent room or space, 
the room or space in which the appliances are installed shall 
be directly connected to the adjacent room or space by a 
doorway, archway, or other opening of comparable size 
that cannot be closed. [NFPA 54:12.3.2.2] 


802.2.4 Ventilating Hoods. The use of ventilating hoods 
and exhaust systems to vent appliances shall be limited to 
industrial appliances and appliances installed in commer- 
cial applications. [NFPA 54:12.3.3] 


802.2.5 Well-Ventilated Spaces. The flue gases from 
industrial-type appliances shall not be required to be vented 
to the outdoors where such gases are discharged into a large 
and well-ventilated industrial space. [NFPA 54:12.3.4] 


802.2.6 Direct Vent Appliances. Listed direct vent 
appliances shall be installed in accordance with the manu- 
facturer’s installation instructions and Section 802.8.2. 
[NFPA 54:12.3.5] 


802.2.7 Appliances with Integral Vents. Appliances 
incorporating integral venting means shall be installed in 
accordance with the manufacturer’s installation instructions 
and Section 802.8 and Section 802.8.1. [NFPA 54:12.3.6] 


802.2.8 Incinerators, Commercial—Industrial. Com- 
mercial industrial-type incinerators shall be vented in 
accordance with NFPA 82. [NFPA 54:12.3.7] 


802.3 Minimum Safe Performance. Venting systems shall 
be designed and constructed to convey all flue and vent gases to 
the outdoors. [NFPA 54:12.1] 


802.3.1 Appliance Draft Requirements. A venting 
system shall satisfy the draft requirements of the appliance 
in accordance with the manufacturer’s instructions. [NFPA 
54:12.4.1] 

802.3.2 Appliance Venting Requirements. Appli- 
ances required to be vented shall be connected to a vent- 
ing system designed and installed in accordance with the 
provisions of Section 802.4 through Section 802.15.1. 
[NFPA 54:12.4.2] 
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802.3.3 Mechanical Draft Systems. Mechanical 
draft systems shall be listed in accordance with UL 378 
and installed in accordance with both the appliance and 
the mechanical draft system manufacturer’s installation 
instructions. [NFPA 54:12.4.3.1] 


802.3.3.1 Venting. Appliances requiring venting 
shall be permitted to be vented by means of mechan- 


(2) The vent system shall be installed such that no fit- 
tings or joints between sections are installed in the 
above-ceiling space. 

(3) The venting system shall be installed in a conduit or 
enclosure with joints between the interior of the 
enclosure and the ceiling space sealed. [NFPA 
54:12.4.5.2] 


802.4 Type of Venting System to be Used. The type of 
venting system to be used shall be in accordance with Table 
802.4. [NFPA 54:12.5.1] 


ical draft systems of either forced or induced draft 
design. [NFPA 54:12.4.3.2] 


802.3.4 Ventilating Hoods and Exhaust Systems. Chimneys shall be installed in accordance with Section 
Where automatically operated appliances, other than com- 802.5.1 through Section 802.5.3. 
mercial cooking appliances, are vented through a venti- 802.5.1 Factory-Built Chimneys. Factory-built 
lating hood or exhaust system equipped with a damper or chimneys shall be listed in accordance with UL 103, UL | 
with a power means of exhaust, provisions shall be made 959, or UL 2561. Factory-built chimneys shall be 
to allow the flow of gas to the main burners only when the installed in accordance with the manufacturer’s installa- 
damper is open to a position to properly vent the appliance tion instructions. Factory-built chimneys used to vent 
and when the power means of exhaust is in operation. appliances that operate at positive vent pressure shall be 
[NFPA 54:12.4.4.1] listed for such application. [NFPA 54:12.6.1.1] 
802.3.5 Circulating Air Ducts, Above-Ceiling Air- 802.5.1.1 Decorative Shrouds. Decorative 
Handling Spaces, and Furnace Plenums. Venting shrouds addressed in Section 802.5.4.3 shall be listed 
systems shall not extend into or pass through any fabri- or labeled in accordance with UL 103 for factory- 
cated air duct or furnace plenum. [NFPA 54:12.4.5.1] built residential chimneys, UL 127 for factory-built 
802.3.6 Above-Ceiling or Nonducted Air Han- fireplaces, or le 1482 for solidsinel room heaters. hey 
dling System. Where a venting system passes through 802.5.2 Metal Chimneys. Metal chimneys shall be 
an above-ceiling air space or other nonducted portion of built and installed in accordance with NFPA 211. [NFPA 
an air-handling system, it shall conform to one of the fol- 54:12:6.1:2] 
lowing requirements: 802.5.3 Masonry Chimneys. Masonry chimneys 
(1) The venting system shall be a listed special gas vent, oe . pout ane eels reer 21d 
and lined with one of the following: 

other system serving a Category III or Category IV a 

appliance, or other positive pressure vent, with joints (1) Approved clay flue lining. 

sealed in accordance with the appliance or vent man- (2) A chimney lining system listed and labeled in accor- 

ufacturer’s instructions. dance with UL 1777. 
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802.3.3.2 Leakage. Forced draft systems and all 
portions of induced draft systems under positive 
pressure during operation shall be designed and 
installed so as to prevent leakage of flue or vent 
gases into a building. [NFPA 54:12.4.3.3] 


802.3.3.3 Vent Connectors. Vent connectors 
serving appliances vented by natural draft shall not 
be connected into any portion of mechanical draft 
systems operating under positive pressure. [NFPA 
54:12.4.3.4] 


802.3.3.4 Operation. Where a mechanical draft 
system is employed, provision shall be made to pre- 
vent the flow of gas to the main burners when the 
draft system is not performing so as to satisfy the 
operating requirements of the appliance for safe per- 
formance. [NFPA 54:12.4.3.5] 


802.3.3.5 Exit Terminals. The exit terminals of 
mechanical draft systems shall be not less than 7 feet 
(2134 mm) above finished ground level where 
located adjacent to public walkways and shall be 
located as specified in Section 802.8 and Section 
802.8.1. [NFPA 54:12.4.3.6] 


802.4.1 Plastic Piping. Where plastic piping is used to 
vent an appliance, the appliance shall be listed for use 
with such venting materials and the appliance manufac- 
turer’s installation instructions shall identify the specific 
plastic piping material. The plastic pipe venting materi- 
als shall be labeled in accordance with the product stan- 
dards specified by the appliance manufacturer or shall be 
listed and labeled in accordance with UL 1738. [NFPA 
54:12.5.2] 


802.4.2 Plastic Vent Joints. Plastic pipe and fittings 
used to vent appliances shall be installed in accordance 
with the appliance manufacturer’s installation instruc- 
tions. Plastic pipe venting materials listed and labeled in 
accordance with UL 1738 shall be installed in accordance 
with the vent manufacturer's installation instructions. 
Where primer is required, it shall be of a contrasting color. 
[NFPA 54:12.5.3] 

802.4.3 Special Gas Vents. Special gas vents shall 
be listed and labeled in accordance with UL 1738 and 
installed in accordance with the special gas vent manu- 
facturer’s installation instructions. [NFPA 54:12.5.4] 


802.5 Masonry, Metal, and Factory-Built Chimneys. 
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TABLE 802.4 
TYPE OF VENTING SYSTEM TO BE USED 
[NFPA 54: TABLE 12.5.1] 


APPLIANCES v2 __TYPE OF VENTING SYSTEM _ ___ LOCATION OF REQUIREMENTS _ 
[Type Bgasvent Section 802.6 
Chimney _ Section 802.5 


Listed Category I appliances 


| Single-wall metal pipe —%, 1! 
Listed appliances equipped with draft hood : AEE : 


_ Section 802.7 


Listed chimney lining system for gas 
_venting 


Section 802.5.3 


Section 802.4.3 


Section 802.6, Section 907.0 


Appliances listed for use with Type B gas vent 


Special gas vent listed for these _ 
appliances colarui) 
_ Type B-Wgasvent | 


‘Listed vented wall furnaces 


| Category II, Category III, and — 


As specified or furnished by 
Category IV appliances 


manufacturers of listed appliances 


In acordance with NFPA 82 


Section 802.4.1, Section 802.4.3 


| Incinerators 


Appliances that can be converted to use of solid fuel 
Unlisted combination gas- and oil-burning appliances 
Combination gas- and solid-fuel-burning appliances Chimney Section 802.5 


Appliances listed for use with chimneys only 


Unlisted appliances 


Listed combination gas- and oil-burning appliances Type L vent ~~ Section 802.6 
ODE Ah ts - ae Chimney) Wahi Wplinices section 802.5 & « 
Decorative appliances in vented fireplace . ie Cipme ar ae A bemecton 9112 
Gas-fired toilets | Single-wall metal pipe Section 802.7, Section 929.3 
Direct vent appliances ae 3 wy E “Pi = ™ i" 4 - _—- Section hie 


Appliances with integral vents -— aay: — | 


Section 802.2.7 


f (3) Other approved material that resists corrosion, ero- 
sion, softening, or cracking from vent gases at tem- 


802.5.4.2 Chimney Height. A chimney shall 
extend at least 5 feet (1524 mm) above the highest | 


peratures up to 1800°F (982°C). 


Exception: Masonry chimney flues lined with a chim- 
ney lining system specifically listed for use with listed 
appliances with draft hoods, Category I appliances, and 
other appliances listed for use with Type B vents shall 
be permitted. The liner shall be installed in accordance 
with the liner manufacturer’s installation instructions. A 
permanent identifying label shall be attached at the point 
where the connection 1s to be made to the liner. The label 
shall read: “This chimney liner is for appliances that burn 
gas only. Do not connect to solid-or liquid-fuel-burning 
appliances or incinerators.” [NFPA 54:12.6.1.3] 


802.5.4 Termination. A chimney for residential-type 
or low-heat appliances shall extend at least 3 feet (914 
mm) above the highest point where it passes through a 
roof of a building and at least 2 feet (610 mm) higher 
than a portion of any building within a horizontal dis- 
tance of 10 feet (3048 mm). [NFPA 54:12.6.2.1] (See 
Figure 802.5.4) 


802.5.4.1 Medium-Heat Gas Appliances. A 
chimney for medium-heat appliances shall extend at 
least 10 feet (3048 mm) higher than any portion of 
any building within 25 feet (7620 mm). [NFPA 
54:12.6.2.2] 
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connected appliance draft hood outlet or flue collar. 
[NFPA 54:12.6.2.3] 


802.5.4.3 Decorative Shrouds. Decorative 
shrouds shall not be installed at the termination of fac- 
tory-built chimneys except where such shrouds are 
listed and labeled for use with the specific factory- 
built chimney system and are installed in accordance 
with the manufacturer’s installation instructions. 
[NFPA 54:12.6.2.4] 


802.5.5 Size of Chimneys. The effective area of a 
chimney venting system serving listed appliances with 
draft hoods, Category I appliances, and other appliances 
listed for use with Type B vents shall be in accordance 
with one of the following methods: 


(1) Those listed in Section 803.0. 


(2) For sizing an individual chimney venting system for 
a single appliance with a draft hood, the effective 
areas of the vent connector and chimney flue shall 
be not less than the area of the appliance flue collar 
or draft hood outlet or greater than seven times the 
draft hood outlet area. 


(3) For sizing a chimney venting system connected to 
two appliances with draft hoods, the effective area of 
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2 ft.(0.6 m) 


10 np m) 
or less \ 
minimum — + { 


2 ft.(0.6 m) minimum 


2) Wall or 
¢ fi parapet 


Chimney 


10 ft.(3.0 m) 
or less | 


' 


2 ft.(0.6 m) 
minimum 


3 ft.(0.9 m) 
minimum 


: 


Ridge 


Chimney 


(a) Termination 10 ft.(3.0 m) or Less from Ridge, Wall, or Parapet 


More than 


es 10 ft.(3.0 m) ae 


Na Bec 
Note: No height 
above parapet 
required when 
distance from walls 


or parapet is more Chimney 
than 10 ft.(3.0 m). 


Wall or}: 
parapet }-6 


More than 


¢—— 
10,1(5.0;m) Height above any 
+10 ft.(3.0 m)-»| roof surface within 
\ 10 ft.(3.0 m) horizontally 
Ridge 2 ft.(0.6 m) i 
z |_minimum_ 
t 3 ft.(0.9 m) 
minimum 


uN 


(b) Termination More Than 10 ft.(3.0 m) from Ridge, Wall, or Parapet 


FIGURE 802.5.4 
TYPICAL TERMINATION LOCATIONS FOR 


CHIMNEYS AND SINGLE-WALL METAL PIPES SERVING 


RESIDENTIAL-TYPE AND LOW-HEAT APPLIANCE 
[NFPA 54: FIGURE A.12.6.2.1] 
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(4) 


(5) 


the chimney flue shall be not less than the area of 
the larger draft hood outlet plus 50 percent of the 
area of the smaller draft hood outlet or greater than 
seven times the smaller draft hood outlet area. 


Chimney venting systems using mechanical draft 
shall be sized in accordance with approved engi- 
neering methods. 


Other approved engineering methods. [NFPA 
54:12.6.3.1] 


802.5.6 Inspection of Chimneys or Vents. This 
inspection shall be made after chimneys, vents, or parts 
thereof, authorized by the permit, have been installed and 
before such vent or part thereof has been covered or con- 
cealed. 


802.5.7 Inspection of Chimneys. Before replacing 
an existing appliance or connecting a vent connector to 
a chimney, the chimney passageway shall be examined 
to ascertain that it is clear and free of obstructions and 
shall be cleaned if previously used for venting solid- or | 
liquid-fuel-burning appliances or fireplaces. [NFPA 
54:12.6.4.1] 


802.5.7.1 Standard. Chimneys shall be lined in 
accordance with NFPA 211. 


Exception: Existing chimneys shall be permitted to 
have their use continued when an appliance is 
replaced by an appliance of similar type, input rat- 
ing, and efficiency, where the chimney complies 
with Section 802.5.7 through Section 802.5.7.3 and 
the sizing of the chimney is in accordance with Sec- 
tion 802.5.5. [NFPA 54:12.6.4.2] 


802.5.7.2 Cleanouts. Cleanouts shall be examined 
and where they do not remain tightly closed when 
not in use, they shall be repaired or replaced. [NFPA 
54:12.6.4.3] 

802.5.73 Existing Chimney. When inspection | 
reveals that an existing chimney is not safe for the 
intended application, it shall be repaired, rebuilt, 
lined, relined, or replaced with a vent or chimney to | 


conform to NFPA 211 and shall be suitable for the 
appliances to be attached. [NFPA 54:12.6.4.4] 


802.5.8 Chimney Serving Appliances Burning 
Other Fuels. An appliance shall not be connected to a 
chimney flue serving a separate appliance designed to 
burn solid fuel. [NFPA 54:12.6.5.1] 


802.5.8.1 Gas and Liquid Fuel-Burning 
Appliances. Where one chimney serves gas appli- 
ances and liquid fuel-burning appliances, the appli- 
ances connected through separate openings or | 
connected through a single opening where joined by 
a suitable fitting located as close as practical to the | 
chimney. Where two or more openings are provided 
into one chimney flue, they shall be at different lev- 
els. Where the gas appliance is automatically con- 
trolled, it shall be equipped with a safety shutoff 
device. [NFPA 54:12.6.5.2] 
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802.5.8.2 Gas and Solid Fuel-Burning Appli- 
ances. A listed combination gas- and solid fuel- 
burning appliance connected to a single chimney 
flue shall be equipped with a manual reset device to 
shut off gas to the main burner in the event of sus- 
tained backdraft or flue gas spillage. The chimney 
flue shall be sized to properly vent the appliance. 
[NFPA 54:12.6.5.3] 


802.5.8.3 Combination Gas- and Oil-Burning 
Appliances. A single chimney flue serving a listed 
combination gas- and oil-burning appliance shall be 
sized in accordance with the appliance manufacturer’s 
instructions. [NFPA 54:12.6.5.4] 


802.5.9 Support of Chimneys. All portions of chim- 
neys shall be supported for the design and weight of the 
materials employed. Listed factory-built chimneys shall 
be supported and spaced in accordance with the manu- 
facturer’s installation instructions. [NFPA 54:12.6.6] 


802.5.10 Cleanouts. Where a chimney that formerly 
carried flue products from liquid or solid fuel-burning 
appliances is used with an appliance using fuel gas, an 
accessible cleanout shall be provided. The cleanout shall 
have a tight-fitting cover and be installed so its upper edge 
is at least 6 inches (152 mm) below the lower edge of the 
lowest chimney inlet opening. [NFPA 54:12.6.7] 


802.5.11 Space Surrounding Lining or Vent. The 
remaining space surrounding a chimney liner, gas vent, 
special gas vent, or plastic piping installed within a 
masonry chimney shall not be used to vent another appli- 
ance. 


Exception: The insertion of another liner or vent within 
the chimney as provided in this code and the liner or vent 
manufacturer’s instructions. [NFPA 54:12.6.8.1] 


802.5.11.1 Combustion Air. The remaining space 
surrounding a chimney liner, gas vent, special gas 
vent, or plastic piping installed within a masonry, 
metal or factory-built chimney flue shall not be used 
to supply combustion air. 


Exception: Direct vent appliances designed for 
installation in a solid-fuel-burning fireplace where 
installed in accordance with the manufacturer’s 
installation instructions. [NFPA 54:12.6.8.2] 


802.6 Gas Vents. The installation of gas vents shall meet 
the following requirements: 


(1) 
(2) 


(3) 


Gas vents shall be installed in accordance with the man- 
ufacturer’s installation instructions. 


A Type B-W gas vent shall have a listed capacity not less 
than that of the listed vented wall furnace to which it is 
connected. 


Gas vents installed within masonry chimneys shall be 
installed in accordance with the manufacturer’s installa- 
tion instructions. Gas vents installed within masonry 
chimneys shall be identified with a permanent label 
installed at the point where the vent enters the chimney. 
The label shall contain the following language: “This gas 
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vent is for appliances that burn gas. Do not connect to 
solid or liquid fuel—burning appliances or incinerators.” 


Screws, rivets, and other fasteners shall not penetrate the 
inner wall of double-wall gas vents, except at the transi- 
tion from the appliance draft hood outlet, flue collar, or 
single-wall metal connector to a double-wall vent. 
[NFPA 54:12.7.2] 


802.6.1 Gas Vent Termination. The termination of gas 
vents shall comply with the following requirements: 


(1) A gas vent shall terminate in accordance with one 
of the following: 


(a) Gas vents that are 12 inches (300 mm) or less in 
size and located not less than 8 feet (2438 mm) 
from a vertical wall or similar obstruction shall 
terminate above the roof in accordance with 
Figure 802.6.1 and Table 802.6.1. 


(b) Gas vents that are over 12 inches (300 mm) in 
size or are located less than 8 feet (2438 mm) 
from a vertical wall or similar obstruction shall 
terminate not less than 2 feet (610 mm) above 
the highest point where they pass through the 
roof and not less than 2 feet (610 mm) above a 
portion of a building within 10 feet (3048 mm) 
horizontally. 


(c) Industrial appliances as provided in Section 
$022.3. 

(d) Direct vent systems as provided in Section 
802.2.6. 

(e) Appliances with integral vents as provided in 
Section 802.2.7. 

(f) Mechanical draft systems as provided in Sec- 
tion 802.3.3 through Section 802.3.3.5. 


(g) Ventilating hoods and exhaust systems as pro- 
vided in Section 802.3.4. 


(2) A Type B or a Type L gas vent shall terminate at [<< 


least 5 feet (1524 mm) in vertical height above the 
highest connected appliance draft hood or flue col- 
lar. 


(3) A Type B-W gas vent shall terminate at least 12 feet [<< 


(3658 mm) in vertical height above the bottom of 
the wall furnace. 


(4) A gas vent extending through an exterior wall shall |<< 


not terminate adjacent to the wall or below eaves or 
parapets, except as provided in Section 802.2.6 and 
Section 802.3.3 through Section 802.3.3.5. 


(5) Decorative shrouds shall not be installed at the ter- |<< 


mination of gas vents except where such shrouds are 
listed for use with the specific gas venting system 
and are installed in accordance with the manufac- 
turer’s installation instructions. 


(6) All gas vents shall extend through the roof flashing, 1<< 


roof jack, or roof thimble and terminate with a listed 
cap or listed roof assembly. 


(7) A gas vent shall terminate at least 3 feet (914 mm) [€« 


above a forced air inlet located within 10 feet (3048 
mm). [NFPA 54:12.7.3] 
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Lowest discharge opening 


if Ua 


H (minimum) - 
Minimum height from roof 
to lowest discharge opening 


FIGURE 802.6.1 
TERMINATION LOCATIONS FOR 
GAS VENTS WITH LISTED CAPS 12 INCHES OR LESS IN 
SIZE NOT LESS THAN 8 FEET FROM A VERTICAL WALL 
[NFPA 54: FIGURE 12.7.3] 


TABLE 802.6.1 
ROOF PITCH HEIGHT 
[NFPA 54: TABLE 12.7.3] 


ROOF SLOPE H (minimum) (feet) 
Flat to 2 <pomalline r1.0 
Over %2 to V2 ¥ ris 
a eee 1.5 5 
Over %2 to %2 2.0 
Over %2 to '%2 j 2.5 
Over !%2 to "A> igs 3.25 | 
 OverYrto% J 4.0 
Over %o to Yr A sees. 0 hea | 
Over Vato M2 ou | 6.0 
Over '/2to%2 | eeu 
Over "%ato°% | 
Over %nto%™ | 80 i 


For SI units: 1 inch = 25.4 ra. Tat = 304.8 mm 


802.6.1.1 Insulation Shield. Where a vent passes 
through an insulated assembly, an approved metal 
shield shall be installed between the vent and insu- 
lation. The shield shall extend not less than 2 inches 
(51 mm) above the insulation and be secured to the 
structure in accordance with the manufacturer’s 
installation instructions. 


802.6.2 Size of Gas Vents. Venting systems shall be 
sized and constructed in accordance with Section 
802.6.2.1 through Section 802.6.2.3 and the appliance 
manufacturer’s instructions. [NFPA 54:12.7.4] 
802.6.2.1 Category | Appliances. The sizing of 
natural draft venting systems serving one or more 
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listed appliances equipped with a draft hood or 
appliances listed for use with a Type B gas vent, 
installed in a single story of a building, shall be in 
accordance with one of the following: 


(1) The provisions of Section 803.0. 


(2) Vents serving fan-assisted combustion system 
appliances, or combinations of fan-assisted com- 
bustion system and draft hood-equipped appli- 
ances, shall be sized in accordance with Section 
803.0 or other approved engineering methods. 


(3) For sizing an individual gas vent for a single, 
draft hood-equipped appliance, the effective area 
of the vent connector and the gas vent shall be 
not less than the area of the appliance draft hood 
outlet or greater than seven times the draft hood | 
outlet area. 


(4) For sizing a gas vent connected to two appli- 
ances with draft hoods, the effective area of the 
vent shall be not less than the area of the larger 
draft hood outlet plus 50 percent of the area of 
the smaller draft hood outlet or greater than | 
seven times the smaller draft hood outlet area. 


(5) Other approved engineering practices. [NFPA ] 
54:12.7.4.1] 


802.6.2.2 Vent Offsets. Type B and Type L vents 
sized in accordance with Section 802.6.2.1(3) or 
Section 802.6.2.1(4) shall extend in a generally ver- 
tical direction with offsets not exceeding 45 degrees 
except that a vent system having not more than one 
60 degree offset shall be permitted. Any angle 
greater than 45 degrees from the vertical is consid- 
ered horizontal. The total horizontal distance of a 
vent plus the horizontal vent connector serving draft 
hood-equipped appliances shall not be greater than 
75 percent of the vertical height of the vent. [NFPA 
54:12.7.4.2] 


802.6.2.3 Category Il, Category Ill, and Cate- 
gory IV Appliances. The sizing of gas vents for 
Category II, Category III, and Category IV appliances 
shall be in accordance with the appliance manufac- 
turer’s instructions. The sizing of plastic pipe speci- 
fied by the appliance manufacturer as a venting 
material for Category II, III, and IV appliances shall be 
in accordance with the appliance manufacturers’ 
instructions. [NFPA 54:12.7.4.3] 


802.6.2.4 Sizing. Chimney venting systems using 
mechanical draft shall be sized in accordance with 
approved engineering methods. [NFPA 54:12.7.4.4] 


802.6.3 Gas Vents Serving Appliances on More 
than One Floor. A common vent shall be permitted in 
multistory installations to vent Category I appliances 
located on more than one floor level, provided the vent- 
ing system is designed and installed in accordance with 
approved engineering methods. 


For the purpose of this section, crawl spaces, base- 
ments, and attics shall be considered as floor levels. 
[NFPA 54:12.7.5.1] 
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802.6.3.1 Occupiable Space. All appliances 
connected to the common vent shall be located in 
rooms separated from occupiable space. Each of 
these rooms shall have provisions for an adequate 
supply of combustion, ventilation, and dilution air 
that is not supplied from occupiable space. [NFPA 
54:12.7.5.2] (See Figure 802.6.3.1) 


Gas furnace Type B gas vents 


Louvered door could 
be used in lieu of 
outside wail grilles 


Outside balcony 
or service area 


FIGURE 802.6.3.1 
PLAN VIEW OF PRACTICAL SEPARATION METHOD 
FOR MULTISTORY GAS VENTING 
[NFPA 54: FIGURE A.12.75.2] 


Manifold common 
vent connector 


FIGURE 802.6.3.2 
USE OF MANIFOLDED COMMON VENT CONNECTOR 
[NFPA 54: FIGURE F.1(k)] 


802.6.3.2 Multistory Venting System. The size 
of the connectors and common segments of multi- 
story venting systems for appliances listed for use 
with a Type B double-wall gas vent shall be in 
accordance with Table 803.2(1), provided all of the 
following apply: 
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(1) The available total height (H) for each segment 
of a multistory venting system is the vertical dis- 
tance between the level of the highest draft hood 
outlet or flue collar on that floor and the center- 
line of the next highest interconnection tee. 


(2) The size of the connector for a segment is deter- 
mined from the appliance’s gas input rate and 
available connector rise and shall not be smaller 
than the draft hood outlet or flue collar size. 


(3) The size of the common vertical vent segment, 
and of the interconnection tee at the base of that 
segment, is based on the total appliance’s gas 
input rate entering that segment and its avail- 
able total height. [NFPA 54:12.7.5.3] 


802.6.4 Support of Gas Vents. Gas vents shall be 
supported and spaced in accordance with the manufac- 
turer’s installation instructions. [NFPA 54:12.7.6] 


802.6.5 Marking. In those localities where solid and 
liquid fuels are used extensively, gas vents shall be per- 
manently identified by a label attached to the wall or ceil- 
ing at a point where the vent connector enters the gas 
vent. The label shall read: “This gas vent is for appli- 
ances that burn gas. Do not connect to solid or liquid 
fuel-burning appliances or incinerators.” The Authority 
Having Jurisdiction shall determine whether its area con- 
stitutes such a locality. [NFPA 54:12.7.7] 


802.7 Single-Wall Metal Pipe. Single-wall metal pipe shall 
be constructed of galvanized sheet steel not less than 0.0304 
of an inch (0.7722 mm) thick or of other approved, noncom- 
bustible, corrosion-resistant material. [NFPA 54:12.8.1] 


802.7.1 Cold Climate. Uninsulated single-wall metal 
pipe shall not be used outdoors for venting appliances in 
regions where the 99 percent winter design temperature 
is below 32°F (0°C). [NFPA 54:12.8.2] 


802.7.2 Termination. The termination of single-wall 
metal pipe shall meet the following requirements: 


(1) Single-wall metal pipe shall terminate at least 5 feet 
(1524 mm) in vertical height above the highest con- 
nected appliance draft hood outlet or flue collar. 


(2) Single-wall metal pipe shall extend at least 2 feet 
(610 mm) above the highest point where it passes 
through a roof of a building and at least 2 feet (610 
mm) higher than any portion of a building within a 
horizontal distance of 10 feet (3048 mm). (See Fig- 
ure 802.5.4) 


(3) An approved cap or roof assembly shall be attached 
to the terminus of a single-wall metal pipe. [NFPA 
54:12.8.3] 

802.7.3 Installation with Appliances Permitted by 

Section 802.4. Single-wall metal pipe shall not be used 

as a vent in dwellings and residential occupancies. 

[NFPA 54:12.8.4.1] 
802.7.3.1 Limitations. Single-wall metal pipe 
shall be used only for runs directly from the space in ] 
which the appliance is located through the roof or 
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exterior wall to the outer air. A pipe passing through 
a roof shall extend without interruption through the 
roof flashing, roof jacket, or roof thimble. [NFPA 
54:12.8.4.2] 


802.7.3.2 Attic or Concealed Space. Single- 
wall metal pipe shall not originate in any unoccu- 
pied attic or concealed space and shall not pass 
through any attic, inside wall, concealed space, or 
floor. [NFPA 54:12.8.4.3] 


802.7.3.3 Clearances. Minimum clearances from 
single-wall metal pipe to combustible material shall 
be in accordance with Table 802.7.3.3. Reduced 
clearances from single-wall metal pipe to com- 
bustible material shall be as specified for vent con- 
nectors. [NFPA 54:12.8.4.4] 


802.7.3.4 Combustible Exterior Wall. Single- 
wall metal pipe shall not pass through a combustible 
exterior wall unless guarded at the point of passage 
by a ventilated metal thimble not smaller than the 
following: 


(1) For listed appliances with draft hoods and appli- 
ances listed for use with Type B gas vents, the 
thimble shall be a minimum of 4 inches (102 
mm) larger in diameter than the metal pipe. 
Where there is a run of not less than 6 feet 
(1829 mm) of metal pipe in the opening 
between the draft hood outlet and the thimble, 
the thimble shall be a minimum of 2 inches (51 
mm) larger in diameter than the metal pipe. 


(2) For unlisted appliances having draft hoods, the 
thimble shall be a minimum of 6 inches (152 
mm) larger in diameter than the metal pipe. 


(3) For residential and low-heat appliances, the 
thimble shall be a minimum of 12 inches (305 
mm) larger in diameter than the metal pipe. 

Exception: In lieu of thimble protection, all com- 

bustible material in the wall shall be removed a suffi- 

cient distance from the metal pipe to provide the 


specified clearance from such metal pipe to com- 
bustible material. Any material used to close up such 
opening shall be noncombustible. [NFPA 54:12.8.4.6] 
802.7.3.5 Roof Thimble. Where a single-wall 
metal pipe passes through a roof constructed of com- 
bustible material, a noncombustible, nonventilating 
thimble shall be used at the point of passage. The 
thimble shall extend at least 18 inches (457 mm) | 
above and 6 inches (152 mm) below the roof with 
the annular space open at the bottom and closed only | 
at the top. The thimble shall be sized in accordance 
with Section 802.7.3.4. [NFPA 54:12.8.4.5] 


802.7.4 Size of Single-Wall Metal Pipe. Single-wall 
metal piping shall comply with the following require- 
ments: 


(1) A venting system of a single-wall metal pipe shall be [<< 


sized in accordance with one of the following meth- 
ods and the appliance manufacturer’s instructions: 


(a) For a draft hood-equipped appliance, in accor- 
dance with Section 803.0. 


(b) Fora venting system for a single appliance with a 
draft hood, the areas of the connector and the pipe 
each shall not be less than the area of the appli- 
ance flue collar or draft hood outlet, whichever is 
smaller. The vent area shall not be greater than | 
seven times the draft hood outlet area. 


(c) Other approved engineering methods. 


(2) Where a single-wall metal pipe is used and has a |<< 
shape other than round, it shall have an equivalent 
effective area equal to the effective area of the round 
pipe for which it is substituted and the minimum 
internal dimension of the pipe shall be 2 inches (51 
mm). 


(3) The vent cap or a roof assembly shall have a venting << 
capacity not less than that of the pipe to which it is 
attached. [NFPA 54:12.8.5] 


TABLE 802.73.3 
CLEARANCE FOR CONNECTORS* 
[NFPA 54: TABLE 12.8.4.4] 


(MINIMUM DISTANCE FROM COMBUSTIBLE MATERIAL (inches) re a | _ 
APPLIANCE LISTEDTYPE BGAS| LISTEDTYPEL | SINGLE-WALL | FACTORY-BUILT 
OFF : Toy Bile } feet (hl tn Sony wm) VENT MATERIAL VENT MATERIAL | METAL PIPE CHIMNEY SECTIONS 
Listed appliance with draft hoods and appliance listed for use ences vee ey 6 ies 
BALM ESS ay penal aT He peed SINS aad ait baba E 
‘Residential boilers and furnaces with listed gas conversion : 
bbumer and with drfthood ° _,20cpinMod Yay oMbaAs s th 
Residential appliances listed for use with Type L vents Not permitted | As listed ‘ Zz oF As listed __ 
|Listed gas-fired toilets Not permitted Aslisted | Aslisted | _ Aslisted 
Unlisted residential appliances with draft hood Not permitted 6 DY be | As listed 
Residential and low-heat appliance other than those above Not permitted Rly | ‘ARS __ As listed 
Medium-heat appliance Not permitted Not permitted | 36 As listed | 


For SI units: | inch = 25.4 mm 


* These clearances shall apply unless the installation instructions of a listed appliance or connector specify different clearances, in which case the listed 


clearances shall apply. 
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802.7.5 Support of Single-Wall Metal Pipe. All 
portions of single-wall metal pipe shall be supported for 
the design and weight of the material employed. [NFPA 
54:12.8.6] 


802.7.6 Marking. Single-wall metal pipe shall comply 
with the marking provisions of Section 802.6.5. [NFPA 
54:12.8.7] 


802.8 Through-the-Wall Vent Termination. A mechan- 
ical draft venting system shall terminate at least 3 feet (914 
mm) above any forced air inlet located within 10 feet (3048 
mm). (See Figure 802.8) 


Exceptions: 


(1) This provision shall not apply to the combustion air 
intake of a direct vent appliance. 


(2) This provision shall not apply to the separation of the 
integral outdoor air inlet and flue gas discharge of listed 
outdoor appliances. [NFPA 54:12.9.1] 


802.8.1 Mechanical Draft Venting System. A 
mechanical draft venting system of other than direct vent 
type shall terminate not less than 4 feet (1219 mm) 
below, 4 feet (1219 mm) horizontally from, or 1 foot 
(305 mm) above any door, operable window, or gravity 
air inlet into any building. The bottom of the vent termi- 
nal shall be located at least 12 inches (305 mm) above 
finished ground level. [NFPA 54:12.9.2] 


802.8.2 Direct Vent Appliance. The clearances for 
through-the-wall direct vent terminals shall be in accor- 
dance with Table 802.8.2. The bottom of the vent terminal 
and the air intake shall be located not less than 12 inches 
(305 mm) above finished ground level. [NFPA 54:12.9.3] 


TABLE 802.8.2 
THROUGH-THE-WALL DIRECT VENT TERMINATION 
CLEARANCES 
[NFPA 54: TABLE 12.9.3] 


THROUGH THE WALL VENT 
| TERMINAL CLEARANCE FROM ANY 


DIRECT VENT APPLIANCE 


INPUT RATING AIR OPENING INTO A BUILDING 

& Hi Aseri } Z ___ (inches) 

10 000 Btu/h and less 6 
Greater than10000Btwh As oath 
and not exceeding 50 000 9 

Btu/h 
Greater than50000Btuh = nt “ 
and not exceeding 150 000 12 

Btu/h 


_ In accordance with the appliance 
manufacturer’s instructions and in 
no case less than the clearances 
specified in Section 802.8.1. 


For SI Units: 1 inch = 25.4 mm, 1000 British thermal units per hour = 0.293 
kW 


> 150 000 Btu/h 


802.8.3 Category | through Category IV and Non- 
categorized Appliances. Through-the-wall vents for 
Category II and Category IV appliances and noncatego- 
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rized condensing appliances shall not terminate over 
public walkways or over an area where condensate or 
vapor could create a nuisance or hazard or could be detri- 
mental to the operation of regulators, relief valves, or 
other equipment. Where local experience indicates that 
condensate is a problem with Category I and Category 
III appliances, this provision shall also apply. 


Drains for condensate shall be installed in accor- 
dance with the appliance and the vent manufacturer’s 
installation instructions. [NFPA 54:12.9.4] 


802.8.4 Annular Spaces. Where vents, including 
those for direct vent appliances or combustion air intake 
pipes, penetrate outside walls of buildings, the annular 
spaces around such penetrations shall be permanently 
sealed using approved materials to prevent entry of com- 
bustion products into the building. [NFPA 54:12.9.5] 


802.8.5 Vent Terminals. Vent systems for Category 
IV appliances that terminate through an outside wall of 
a building and discharge flue gases perpendicular to the 
adjacent wall shall be located not less than 10 feet (3048 
mm) horizontally from an operable opening in an adja- 
cent building. 


Exception: This shall not apply to vent terminals that are 
2 feet (610 mm) or more above or 25 feet (7620 mm) or 
more below operable openings. [NFPA 54:12.9.6] 


802.9 Condensation Drain. Provision shall be made to 
collect and dispose of condensate from venting systems serv- 
ing Category II and Category IV appliances and noncatego- 
rized condensing appliances in accordance with Section 
802.8.3. [NFPA 54:12.10.1] 


802.9.1 Local Experience. Where local experience 
indicates that condensation is a problem, provision shall be 
made to drain off and dispose of condensate from venting 
systems serving Category I and Category III appliances in 
accordance with Section 802.8.3. [NFPA 54:12.10.2] 


802.10 Vent Connectors for Category | Appliances. 
A vent connector shall be used to connect an appliance to a 
gas vent, chimney, or single-wall metal pipe, except where 
the gas vent, chimney, or single-wall metal pipe is directly 
connected to the appliance. [NFPA 54:12.11.1] 


802.10.1 Materials. A vent connector shall be made of 
noncombustible, corrosion-resistant material capable of 
withstanding the vent gas temperature produced by the 
appliance and of sufficient thickness to withstand phys- | 
ical damage. [NFPA 54:12.11.2.1] 


802.10.1.1 Unconditioned Area. Where the vent 
connector used for an appliance having a draft hood 
or a Category I appliance is located in or passes 
through an unconditioned area, attic, or crawl space, 
that portion of the vent connector shall be listed 
Type B, Type L, or listed vent material having 
equivalent insulation qualities. 

Exception: Single-wall metal pipe located within the 
exterior walls of the building and located in an uncon- 
ditioned area other than an attic or a crawl space hay- 
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Mechanical draft 
vent terminal 
(see Section 802.8) 


Mechanical draft 


Direct vent terminal clearance 
Minimum clearance, C 
Input (Btu/nr) Clearance (inches) 


10 000 or less 6 
10 001 to 50 000 9 Forced air inlet 
Over 50 000 12 


(see Section 802.8.2) 


For SI units: 1 inch = 25.4 mm, 1 foot = 304.8 mm, 
1000 British thermal units per hour = 0.293 kW 


FIGURE 802.8 ¢ 
EXIT TERMINALS OF MECHANICAL DRAFT AND DIRECT VENT VENTING SYSTEMS ‘ 
[NFPA 54: FIGURE A.12.9] 
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ing a local 99 percent winter design temperature of 
5°F (-15°C) or higher. [NFPA 54:12.11.2.2] 


802.10.1.2 Residential-Type Appliances. Vent 
connectors for residential-type appliances shall com- 
ply with the following: 


(1) Vent connectors for listed appliances having 
draft hoods, appliances having draft hoods and 
equipped with listed conversion burners, and 
Category I appliances that are not installed in 
attics, crawl spaces, or other unconditioned 
areas shall be one of the following: 


(a) Type B or Type L vent material. 


(b) Galvanized sheet steel not less than 0.018 
of an inch (0.457 mm) thick. 


(c) Aluminum (1100 or 3003 alloy or equiva- 
lent) sheet not less than 0.027 of an inch 
(0.686 mm) thick. 


(d) Stainless steel sheet not less than 0.012 of 


DIAMETER OF CONNECTOR MINIMUM THICKNESS 
an inch (0.305 mm) thick. (inches) _ (inches) 
Less than 6 ; 0.019 


(ec) Smooth interior wall metal pipe having 


resistance to heat and corrosion equal to or 6 to less than 10 ‘ = Q°0237, . 
greater than that of Section 802.10.1.2(1)(b), 10to 12 inclusive __ 0.029 i: 
Section 802.10.1.2(1)(c), or Section 14tol6inclusive 0.034 
802.10.1.2(1)(d). Over 16 0.056 


(f) A listed vent connector. 


(2) Vent connectors shall not be covered with insu- 
lation. 


Exception: Listed insulated vent connectors shall 
be installed in accordance with the manufacturer’s 
installation instructions. [NFPA 54:12.11.2.3] 


802.10.1.3 Nonresidential Low-Heat Appli- 
ances. A vent connector for a nonresidential low-heat 
appliance shall be a factory-built chimney section or 
steel pipe having resistance to heat and corrosion 
equivalent to that for the appropriate galvanized pipe 
as specified in Table 802.10.1.3. Factory-built chim- 
ney sections shall be joined together in accordance 
with the chimney manufacturer’s instructions. [NFPA 
54:12.11.2.4] 


TABLE 802.10.1.3 


MINIMUM THICKNESS FOR GALVANIZED STEEL VENT 


CONNECTORS FOR LOW-HEAT APPLIANCES 
[NFPA 54: TABLE 12.11.2.4] 


For SI units: 1 inch = 25.4 mm, 1 square inch = 0.000645 m2 
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802.10.1.4 Medium-Heat Appliances. Vent 
connectors for medium-heat appliances shall be con- 
structed of factory-built, medium-heat chimney sec- 
tions or steel of a thickness not less than that 
specified in Table 802.10.1.4 and shall comply with 
the following: 


(1) A steel vent connector for an appliance with a 
vent gas temperature in excess of 1000°F 
(538°C) measured at the entrance to the con- 
nector shall be lined with medium-duty fire 
brick or the equivalent. 


(2) The lining shall be at least 2% inches (64 mm) 
thick for a vent connector having a diameter or 
greatest cross-sectional dimension of 18 inches 
(457 mm) or less. 


(3) The lining shall be at least 4% inches (114 mm) 
thick laid on the 4% inches (114 mm) bed for a 
vent connector having a diameter or greatest 
cross-sectional dimension greater than 18 inches 
(457 mm). 

(4) Factory-built chimney sections, if employed, 
shall be joined together in accordance with the 
chimney manufacturer’s instructions. [NFPA 
S442 42.) 


TABLE 802.10.1.4 


MINIMUM THICKNESS FOR STEEL VENT CONNECTORS 


FOR MEDIUM-HEAT APPLIANCES 
[NFPA 54: TABLE 12.11.2.5] 


VENT CONNECTOR SIZE 
DIAMETER AREA MINIMUM THICKNESS 
(inches) (square inches) (inches) 
Up to 14 Up to 154 0.053 
Over 14 to 16 154 to 201 0.067 
Over 16 to 18 201 to 254 0.093 
Over 18 Larger than 254 0.123 


For SI units: 1 inch = 25.4 mm, | square inch = 0.000645 m? 


802.10.2 Size of Vent Connector. A vent connector 
for an appliance with a single draft hood or for a Cate- 
gory I fan-assisted combustion system appliance shall be 
sized and installed in accordance with Section 803.0 or 
other approved engineering methods. [NFPA 
54:12.11.3.1] 


802.10.2.1 Manifold. For a single appliance having 
more than one draft hood outlet or flue collar, the 
manifold shall be constructed according to the 
instructions of the appliance manufacturer. Where 
there are no instructions, the manifold shall be 
designed and constructed in accordance with 
approved engineering practices. As an alternative 
method, the effective area of the manifold shall equal 
the combined area of the flue collars or draft hood 
outlets, and the vent connectors shall have a mini- 
mum 1 foot (305 mm) rise. [NFPA 54:12.11.3.2] 


802.10.2.2 Size. Where two or more appliances 
are connected to a common vent or chimney, each 
vent connector shall be sized in accordance with 
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Section 803.0 or other approved engineering meth- 
ods. [NFPA 54:12.11.3.3] 


As an alternative method applicable only where 
all of the appliances are draft hood-equipped, each 
vent connector shall have an effective area not less 
than the area of the draft hood outlet of the appli- 
ance to which it is connected. [NFPA 54:12.11.3.4] 


802.10.2.3 Height. Where two or more appliances 
are vented through a common vent connector or vent 
manifold, the common vent connector or vent man- 
ifold shall be located at the highest level consistent 
with available headroom and clearance to com- 
bustible material and sized in accordance with Sec- 
tion 803.0 or other approved engineering methods. 
[NFPA 54:12.11.3.5] 


As an alternative method applicable only where 
there are two draft hood-equipped appliances, the 
effective area of the common vent connector or vent 
manifold and all junction fittings shall be not less 
than the area of the larger vent connector plus 50 
percent of the area of the smaller flue collar outlet. 
[NFPA 54:12.11.3.6] 


802.10.2.4 Size Increase. Where the size of a 
vent connector is increased to overcome installation 
limitations and obtain connector capacity equal to the 
appliance input, the size increase shall be made at the 
appliance draft hood outlet. [NFPA 54:12.11.3.7] 


802.10.3 Two or More Appliances Connected to a 
Single Vent. Where two or more openings are provided 
into one chimney flue or vent, either of the following 
shall apply: 


(1) The openings shall be at different levels. 


(2) The connectors shall be attached to the vertical por- 
tion of the chimney or vent at an angle of 45 degrees 
or less relative to the vertical. [NFPA 54:12.11.4.1] 


802.10.3.1 Height of Connector. Where two or 
more vent connectors enter a common vent, chim- 
ney flue, or single-wall metal pipe, the smaller con- 
nector shall enter at the highest level consistent with 
the available headroom or clearance to combustible 
material. [NFPA 54:12.11.4.2] 


802.10.3.2 Pressure. Vent connectors serving 
Category I appliances shall not be connected to any | 
portion of a mechanical draft system operating under 
positive static pressure, such as those serving Cate- 
gory III or Category IV appliances. [NFPA 
54:12.11.4.3] 


802.10.4 Clearance. Minimum clearances from vent 
connectors to combustible material shall be in accor- 
dance with Table 802.7.3.3. 

Exception: The clearance between a vent connector and 
combustible material shall be permitted to be reduced 


where the combustible material is protected as specified 
for vent connectors in Table 303.10.1. [NFPA 54:12.11.5] 
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802.10.5 Joints. Joints between sections of connector 
piping and connections to flue collars or draft hood out- 
lets shall be fastened in accordance with one of the fol- 
lowing methods: 


(1) Sheet metal screws. 


(2) Vent connectors of listed vent material assembled 
and connected to flue collars or draft hood outlets in 
accordance with the manufacturer’s instructions. 


(3) Other approved means. [NFPA 54:12.11.6] 


802.10.6 Slope. A vent connector shall be installed 
without any dips or sags and shall slope upward toward 
the vent or chimney at least 4 inch per foot (20.8 mm/m). 


Exception: Vent connectors attached to a mechanical 
draft system installed in accordance with appliance and 
the draft system manufacturers’ instructions. [NFPA 
54:12.11.7] 


802.10.7 Length of Vent Connector. The length of 
vent connectors shall comply with Section 802.10.7.1 or 
Section 802.10.7.2. 


802.10.7.1 Single Wall Connector. The maxi- 
mum horizontal length of a single-wall connector 
shall be 75 percent of the height of the chimney or 
vent, except for engineered systems. [NFPA 
54:12.11.8.1] 


802.10.72 Type B Double Wall Connector. The 
maximum horizontal length of a Type B double-wall 
connector shall be 100 percent of the height of the 
chimney or vent, except for engineered systems. The 
maximum length of an individual connector for a 
chimney or vent system serving multiple appliances, 
from the appliance outlet to the junction with the 
common vent or another connector, shall be 100 per- 
cent of the height of the chimney or vent. [NFPA 
54:12.11.8.2] 


802.10.8 Support. A vent connector shall be supported 
for the design and weight of the material employed to 
maintain clearances and prevent physical damage and 
separation of joints. [NFPA 54:12.11.9] 


802.10.9 Chimney Connection. Where entering a 
flue in a masonry or metal chimney, the vent connector 
shall be installed above the extreme bottom to avoid stop- 
page. Where a thimble or slip joint is used to facilitate 
removal of the connector, the connector shall be firmly 
attached to or inserted into the thimble or slip joint to 
prevent the connector from falling out. Means shall be 
employed to prevent the connector from entering so far 
as to restrict the space between its end and the opposite 
wall of the chimney flue. [NFPA 54:12.11.10] 


802.10.10 Inspection. The entire length of a vent con- 
nector shall be readily accessible for inspection, clean- 
ing, and replacement. [NFPA 54:12.11.11] 


802.10.11 Fireplaces. A vent connector shall not be 
connected to a chimney flue serving a fireplace unless 
the fireplace flue opening is permanently sealed. [NFPA 
54:12.11.12] 


802.10.12 Passage through Ceilings, Floors, or 
Walls. A vent connector shall not pass through a ceiling, 
floor, or fire-resistance-rated wall. A single-wall metal 
pipe connector shall not pass through an interior wall. 


Exception: Vent connectors made of listed Type B or 
Type L vent material and serving listed appliances with 
draft hoods and other appliances listed for use with Type 
B gas vents that pass through walls or partitions con- 
structed of combustible material shall be installed with 
not less than the listed clearance to combustible material. 


802.10.12.1 Medium-Heat Appliances. Vent 
connectors for medium-heat appliances shall not 
pass through walls or partitions constructed of com- 
bustible material. [NFPA 54:12.11.13.2] 


802.11 Vent Connectors for Category II, Category Ill, 
and Category IV Appliances. The vent connectors for 
Category II, Category III, and Category IV appliances shall be 
in accordance with Section 802.4 through Section 802.4.3. 
[NFPA 54:12.12] 

802.12 Draft Hoods and Draft Controls. Vented appli- 
ances shall be installed with draft hoods. 

Exception: Dual oven-type combination ranges; incinerators; 
direct vent appliances; fan-assisted combustion system appli- 
ances; appliances requiring chimney draft for operation; sin- 
gle-firebox boilers equipped with conversion burners with 


inputs greater than 400 000 Btu/h (117 kW); appliances | 


equipped with blast, power, or pressure burners that are not 
listed for use with draft hoods; and appliances designed for 
forced venting. [NFPA 54:12.13.1] 
802.12.1 Installation. A draft hood supplied with or 
forming a part of a listed vented appliance shall be 


installed without alteration, exactly as furnished and spec- 
ified by the appliance manufacturer. [NFPA 54:12.13.2] 


If a draft hood is not supplied by the appliance man- | 


ufacturer where one is required, a draft hood shall be 
installed, be of a listed or approved type, and, in the 
absence of other instructions, be of the same size as the 
appliance flue collar. Where a draft hood is required with 
a conversion burner, it shall be of a listed or approved 
type. [NFPA 54:12.13.2.1] 


Where a draft hood of special design is needed or 
preferable, the instatlation shall be approved and in 
accordance with the recommendations of the appliance 
manufacturer. [NFPA 54:12.13.2.2] 


802.12.2 Draft Control Devices. Where a draft con- 
trol device is part of the appliance or is supplied by the 
appliance manufacturer, it shall be installed in accor- 
dance with the manufacturer’s instructions. In the 
absence of manufacturer’s instructions, the device shall 
be attached to the flue collar of the appliance or as near 
to the appliance as practical. [NFPA 54:12.13.3] 


802.12.3 Additional Devices. Appliances requiring 
controlled chimney draft shall be permitted to be equipped 
with listed double-acting barometric draft regulators 
installed and adjusted in accordance with the manufac- 
turer’s instructions. [NFPA 54:12.13.4] 
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802.12.4 Location. Draft hoods and barometric draft 
regulators shall be installed in the same room or enclo- 
sure as the appliance in such a manner as to prevent any 
difference in pressure between the hood or regulator and 
the combustion air supply. [NFPA 54:12.13.5] 


802.12.5 Positioning. Draft hoods and draft regula- 
tors shall be installed in the position for which they were 
designed with reference to the horizontal and vertical 
planes and shall be located so that the relief opening is 
not obstructed by any part of the appliance or adjacent 
construction. The appliance and its draft hood shall be 
located so that the relief opening is accessible for check- 
ing vent operation. [NFPA 54:12.13.6] 


802.12.6 Clearance. A draft hood shall be located so 
that its relief opening is not less than 6 inches (152 mm) 
from any surface except that of the appliance it serves 
and the venting system to which the draft hood is con- 
nected. Where a greater or lesser clearance is indicated 
on the appliance label, the clearance shall not be less than 
that specified on the label. Such clearances shall not be 
reduced. [NFPA 54:12.13.7] 


802.13 Manually Operated Dampers. A manually oper- 

| ated damper shall not be placed in any appliance vent con- 
nector. Fixed baffles shall not be classified as manually 
operated dampers. [NFPA 54:12.14] 


802.14 Obstructions. Devices that retard the flow of vent 
gases shall not be installed in a vent connector, chimney, or 
vent. The following shall not be considered as obstructions: 


(1) 


(2) 


(3) 


(4) 


(5) 


Draft regulators and safety controls specifically listed for 
installation in venting systems and installed in accor- 
dance with the manufacturer’s installation instructions. 


Approved draft regulators and safety controls designed 
and installed in accordance with approved engineering 
methods. 


Listed heat reclaimers and automatically operated vent 
dampers installed in accordance with the manufacturer’s 
installation instructions. 


Vent dampers serving listed appliances installed in accor- 
dance with Section 803.1 or Section 803.2 or other 
approved engineering methods. 


Approved economizers, heat reclaimers, and recupera- 
tors installed in venting systems of appliances not 
required to be equipped with draft hoods, provided the 
appliance manufacturer’s instructions cover the installa- 
tion of such a device in the venting system and perform- 
ance in accordance with Section 802.3 and Section 
802.3.1 is obtained. [NFPA 54:12.16] 


802.15 Automatically Operated Vent Dampers. An 
automatically operated vent damper shall be of a listed type. 
[NFPA 54:12.15] 


802.15.1 Listing. Automatically operated vent dampers 
for oil-fired appliances shall comply with UL 17. The 
automatic damper control shall comply with UL 378. 
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803.0 Sizing of Category | Venting Systems. 


803.1 Single Appliance Vent Table 803.1.2(1) through 
Table 803.1.2(6). Venting Table 803.1.2(1) through Table | 
803.1.2(6) shall not be used where obstructions are installed 
in the venting system. The installation of vents serving listed 
appliances with vent dampers shall be in accordance with the 
appliance manufacturer’s instructions or in accordance with | 
the following: 


(1) 


(2) 


The maximum capacity of the vent system shall be deter- 
mined using the “NAT Max” column. 


The minimum capacity shall be determined as though the 
appliance were a fan-assisted appliance, using the “FAN 
Min” column to determine the minimum capacity of the 
vent system. Where the corresponding “FAN Min” is 
“NA,” the vent configuration shall not be permitted and 
an alternative venting configuration shall be utilized. 
[NFPA 54:13.1.1] 


803.1.1 Vent Downsizing. Where the vent size deter- 
mined from the tables is smaller than the appliance draft 
hood outlet or flue collar, the use of the smaller size shall 
be permitted, provided that the installation complies with 
all of the following requirements: 


(1) The total vent height (H) is at least 10 feet (3048 | 
mm). 


(2) Vents for appliance draft hood outlets or flue collars 
12 inches (305mm) in diameter or smaller are not 
reduced more than one table size. 


(3) Vents for appliance draft hood outlets or flue collars 
larger than 12 inches (305 mm) in diameter are not | 
reduced more than two table sizes. 


(4) The maximum capacity listed in the tables for a fan- 
assisted appliance is reduced by 10 percent (0.90 x 
maximum table capacity). 


(5) The draft hood outlet is greater than 4 inches (102 ] 
mm) in diameter. A 3 inch (76 mm) diameter vent 
shall not be connected to a 4 inch (102 mm) diame- 
ter draft hood outlet. This provision shall not apply to 
fan-assisted appliances. [NFPA 54:13.1.2] 


803.1.2 Elbows. Single-appliance venting configura- 
tions with zero (0) lateral lengths in Table 803.1.2(1), 
Table 803.1.2(2), and Table 803.1.2(5) shall not have 
elbows in the venting system. Single-appliance venting 
with lateral lengths include two 90 degree elbows. For 
each additional elbow up to and including 45 degrees, 
the maximum capacity listed in the venting tables shall 
be reduced by 5 percent. For each additional elbow 
greater than 45 degrees up to and including 90 degrees, 
the maximum capacity listed in the venting tables shall 
be reduced by 10 percent. Where multiple offsets occur 
in a vent, the total lateral length of all offsets combined 
shall not exceed that specified in Table 803.1.2(1) 
through Table 803.1.2(5). [NFPA 54:13.1.3] 
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803.1.3 Zero Lateral. Zero (0) lateral (L) shall apply 
only to a straight vertical vent attached to a top outlet 
draft hood or flue collar. [NFPA 54:13.1.4] 


803.1.4 High-Altitude Installations. Sea level input 
ratings shall be used when determining maximum capac- 
ity for high-altitude installation. Actual input (derated for 
altitude) shall be used for determining minimum capac- 
ity for high-altitude installation. [NFPA 54:13.1.5] 


803.1.5 Multiple Input Ratings. For appliances with 
more than one input rate, the minimum vent capacity 
(FAN Min) determined from Table 803.1.2(1) through 
Table 803.2(9) shall be less than the lowest appliance 
input rating, and the maximum vent capacity (FAN 
Max/NAT Max) determined from the tables shall be 
greater than the highest appliance rating input. [NFPA 
54:13.1.6] 


803.1.6 Corrugated Chimney Liner Reduction. 
Listed corrugated metallic chimney liner systems in 
masonry chimneys shall be sized by using Table 
803.1.2(1) or Table 803.1.2(2) for Type B vents, with the 
maximum capacity reduced by 20 percent (0.80 x maxi- 
mum capacity) and the minimum capacity as shown in 
Table 803.1.2(1) or Table 803.1.2(2). 


Corrugated metallic liner systems installed with 
bends or offsets shall have their maximum capacity fur- 
ther reduced in accordance with Section 803.1.2. The 20 
percent reduction for corrugated metallic chimney liner 
systems includes an allowance for one long radius 90 
degree (1.57 rad) turn at the bottom of the liner. [NFPA 
54:13.1.7] 


803.1.7 Connection to Chimney Liners. Connec- 
tions between chimney liners and listed double-wall con- 
nectors shall be made with listed adapters designed for 
such purpose. [NFPA 54:13.1.8] 


803.1.8 Vertical Vent Upsizing Using 7 x Rule. 
Where the vertical vent has a larger diameter than the 
vent connector, the vertical vent diameter shall be used to 
determine the minimum vent capacity, and the connector 
diameter shall be used to determine the maximum vent 
capacity. The flow area of the vertical vent shall not 
exceed seven times the flow area of the listed appliance 
categorized vent area, flue collar area, or draft hood out- 
let area unless designed in accordance with approved 
engineering methods. [NFPA 54:13.1.9] 


803.1.9 Draft Hood Conversion Accessories. 
Draft hood conversion accessories for use with masonry 
chimneys venting listed Category I fan-assisted appli- 
ances shall be listed and installed in accordance with the 
listed accessory manufacturer’s installation instructions. 
[NFPA 54:13.1.10] 


803.1.10 Chimney and Vent Locations. Table 
803.1.2(1) through Table 803.1.2(5) shall be used only for 
chimneys and vents not exposed to the outdoors below the 
roof line. A Type B vent or listed chimney lining system 
passing through an unused masonry chimney flue shall not 
be considered to be exposed to the outdoors. Where vents 
extend outdoors above the roof more than 5 feet (1524 
mm) higher than required by Table 802.6.1, and where 


vents terminate in accordance with Section 802.6.1(1)(b), 
the outdoor portion of the vent shall be enclosed as 
required by this paragraph for vents not considered to be 
exposed to the outdoors, or such venting system shall be 
engineered. A Type B vent passing through an unventi- 
lated enclosure or chase insulated to a value of not less 
than R8 shall not be considered to be exposed to the out- 
doors. Table 803.1.2(3) in combination with Table 
803.1.2(6) shall be used for clay tile-lined exterior 
masonry chimneys, provided all of the following require- 
ments are met: 


(1) The vent connector is Type B double wall. 


(2) The vent connector length is limited to 18 in./in. (18 
mm/mm) of vent connector diameter. 


(3) The appliance is draft hood equipped. 


(4) The input rating is less than the maximum capacity 
given in Table 803.1.2(3). 


(5) For a water heater, the outdoor design temperature 
shall not be less than 5°F (-15°C). 


(6) For a space-heating appliance, the input rating is 
greater than the minimum capacity given by Table 
803.1.2(6). [NFPA 54:13.1.11] 


803.1.11 Residential and Low-Heat Appliances. 
Flue lining system for residential and low heat appliance 
shall be in accordance with Section 803.1.11.1 and Sec- 
tion 803.1.11.2. 


803.1.11.1 Clay Flue Lining. Clay flue lining 
shall be manufactured in accordance with ASTM 
C315 or other approved standard. 


803.1.11.2 Chimney Lining. Chimney lining shall 
be listed in accordance with UL 1777. 


803.1.12 Corrugated Vent Connector Size. Corru- 
gated vent connectors shall not be smaller than the listed 
appliance categorized vent diameter, flue collar diameter, 
or draft hood outlet diameter. [NFPA 54:13.1.12] 


803.1.13 Upsizing. Vent connectors shall not be upsized | 


more than two sizes greater than the listed appliance cat- 
egorized vent diameter, flue collar diameter, or draft hood 
outlet diameter. [NFPA 54:13.1.13] 


803.1.14 Single Run of Vent. In a single run of vent 


or vent connector, more than one diameter and type shall | 


be permitted to be used, provided that all the sizes and 
types are permitted by the tables. [NFPA 54:13.1.14] 
803.1.15 Interpolation. Interpolation shall be permit- 
ted in calculating capacities for vent dimensions that fall 
between table entries. [NFPA 54:13.1.15] 

803.1.16 Extrapolation. Extrapolation beyond the 
table entries shall not be permitted. [NFPA 54:13.1.16] 
803.1.17 Engineering Methods. For vent heights 


lower than 6 feet (1829 mm) and higher than shown in | 


Table 803.1.2(1) through Table 803.2(9), engineering 
methods shall be used to calculate vent capacities. 
[NFPA 54:13.1.17] 

803.1.18 Height Entries. Where the actual height of a 
vent falls between entries in the height column of the 
applicable table in Table 803.1.2(1) through Table 
803.1.2(6), either of the following shall be used: 
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(1) Interpolation. 

(2) The lower appliance input rating shown in the table 
entries for FAN MAX and NAT MAX column val- 
ues, and the higher appliance input rating for the 
FAN MIN column values. [NFPA 54:13.1.18] 


803.2 Multiple Appliance Vent Table 803.2(1) through 
Table 803.2(9). Venting Table 803.2(1) through Table 
803.2(9) shall not be used where obstructions are installed in 
the venting system. The installation of vents serving listed 
appliances with vent dampers shall be in accordance with the 
appliance manufacturer’s instructions, or in accordance with 
the following: 


(1) 
(2) 


(3) 


The maximum capacity of the vent connector shall be 
determined using the NAT Max column. 


The maximum capacity of the vertical vent or chimney 
shall be determined using the FAN + NAT column when 
the second appliance is a fan-assisted appliance, or the 
NAT + NAT column when the second appliance is 
equipped with a draft hood. 


The minimum capacity shall be determined as if the 
appliance were a fan-assisted appliance, as follows: 


(a) The minimum capacity of the vent connector shall 
be determined using the FAN Min column. 


(b) The FAN + FAN column shall be used when the 
second appliance is a fan-assisted appliance, and the 
FAN + NAT column shall be used when the second 
appliance is equipped with a draft hood, to deter- 
mine whether the vertical vent or chimney configu- 
ration is not permitted (NA). Where the vent 
configuration is NA, the vent configuration shall not 
be permitted and an alternative venting configura- 
tion shall be utilized. [NFPA 54:13.2.1] 


803.2.1 Vent Connector Maximum Length. The 
maximum vent connector horizontal length shall be 18 
inches per inch (18 mm/mm) of connector diameter as 
shown in Table 803.2.1, or as permitted by Section 
803.2.2. [NFPA 54:13.2.2] 


803.2.2 Vent Connector Exceeding Maximum 
Length. The vent connector shall be routed to the vent 
utilizing the shortest possible route. Connectors with 
longer horizontal lengths than those listed in Table 
803.2.1 are permitted under the following conditions: 


(1) The maximum capacity (FAN Max or NAT Max) of 
the vent connector shall be reduced 10 percent for 
each additional multiple of the length listed in Table 
803.2.1. For example, the maximum length listed for 
a 4 inch (100 mm) connector is 6 feet (1829 mm). 
With a connector length greater than 6 feet (1829 
mm) but not exceeding 12 feet (3658 mm), the max- 
imum capacity must be reduced by 10 percent (0.90 
X maximum vent connector capacity). With a con- 
nector length greater than 12 feet (3658 mm) but not 
exceeding 18 feet (5486 mm), the maximum capac- 
ity must be reduced by 20 percent (0.80 x maximum 
vent capacity). 
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(2) For a connector serving a fan-assisted appliance, the 
minimum capacity (FAN Min) of the connector shall 
be determined by referring to the corresponding sin- 
gle appliance table. For Type B double-wall connec- 
tors, Table 803.1.2(1) shall be used. For single-wall 
connectors, Table 803.1.2(2) shall be used. The height 
(7) and lateral (L) shall be measured according to the 
procedures for a single-appliance vent, as if the other 
appliances were not present. [NFPA 54:13.2.3] 


803.2.3 Vent Connector Manifolds. Where the vent 
connectors are combined prior to entering the vertical 
portion of the common vent to form a common vent man- 
ifold, the size of the common vent manifold and the com- 
mon vent shall be determined by applying a 10 percent 
reduction (0.90 x maximum common vent capacity) to 
the common vent capacity part of the common vent 
tables. The length of the common vent manifold (LM) 
shall not exceed 18 inches per inch (18 mm/mm) of com- 
mon vent diameter (D). [NFPA 54:13.2.4] (See Figure 
802.6.3.2) 


TABLE 803.2.1 
VENT CONNECTOR MAXIMUM LENGTH 
[NFPA 54: TABLE 13.2.2] 


CONNECTOR DIAMETER | 
(inches) | 
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For SI units: 1 inch=25,.4 mm, 1 foot = 304.8 mm 


803.2.4 Vent Offsets. Where the common vertical vent 
is offset, the maximum capacity of the common vent 
shall be reduced in accordance with Section 803.2.5, and 
the horizontal length of the common vent offset shall not 
exceed 18 inches per inch (18 mm/mm) of common vent 
diameter (D). Where multiple offsets occur in a common 
vent, the total horizontal length of all offsets combined | 
shall not exceed 18 inches per inch (18 mm/mm) of the 
common vent diameter. [NFPA 54:13.2.5] 


803.2.5 Elbows in Vents. For each elbow up to and 
including 45 degrees (0.79 rad) in the common vent, the 
maximum common vent capacity listed in the venting 
tables shall be reduced by 5 percent. For each elbow 
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greater than 45 degrees (0.79 rad) up to and including 90 
degrees (1.57 rad), the maximum common vent capacity 
listed in the venting tables shall be reduced by 10 per- 
cent. [NFPA 54:13.2.6] 


803.2.6 Elbows in Connectors. The vent connector 
capacities listed in the common vent sizing tables include 
allowance for two 90 degree elbows. For each additional 
elbow up to and including 45 degrees, the maximum vent 
connector capacity listed in the venting tables shall be 
reduced by 5 percent. For each elbow greater than 45 
degrees up to and including 90 degrees, the maximum 
vent connector capacity listed in the venting tables shall 
be reduced by 10 percent. [NFPA 54:13.2.7] 


803.2.7 Common Vent Minimum Size. The cross- 
sectional area of the common vent shall be equal to or 
greater than the cross-sectional area of the largest con- 
nector. [NFPA 54:13.2.8] 


803.2.8 Tee and Wye Fittings. Tee and wye fittings 
connected to a common gas vent shall be considered as 
part of the common gas vent and constructed of materi- 
als consistent with that of the common gas vent. [NFPA 
54:13.2.9] 


803.2.9 Size of Fittings. At the point where tee or wye 
fittings connect to a common gas vent, the opening size 
of the fitting shall be equal to the size of the common 
vent. Such fittings shall not be prohibited from having 
reduced size openings at the point of connection of appli- 
ance gas vent connectors. [NFPA 54:13.2.10] 


803.2.10 High-Altitude Installations. Sea level input 
ratings shall be used when determining maximum capac- 
ity for high-altitude installation. Actual input (derated for 
altitude) shall be used for determining minimum capac- 
ity for high-altitude installation. [NFPA 54:13.2.11] 


803.2.11 Connector Rise. The connector rise (R) for 
each appliance connector shall be measured from the 
draft hood outlet or flue collar to the centerline where the 
vent gas streams come together. [NFPA 54:13.2.12] 


803.2.12 Vent Height. For multiple appliances all 
located on one floor, available total height (H) shall be 
measured from the highest draft hood outlet or flue col- 
lar up to the level of the outlet of the common vent. 
[NFPA 54:13.2.13] 


803.2.13 Multistory Installations. For multistory 
installations, available total height (H) for each segment 
of the system shall be the vertical distance between the 
highest draft hood outlet or flue collar entering that seg- 
ment and the centerline of the next higher interconnec- 
tion tee. [NFPA 54:13.2.14] 


803.2.14 Size of Vents for Multistory Installa- 
tions. The size of the lowest connector and of the verti- 
cal vent leading to the lowest interconnection of a 
multistory system shall be in accordance with Table 
803.1.2(1) or Table 803.1.2(2) for available total height 
(7) up to the lowest interconnection. [NFPA 54:13.2.15] 


803.2.15 Vent Type Multistory Installation. Where 
used in multistory systems, vertical common vents shall 
be Type B double wall and shall be installed with a listed 
vent cap. [NFPA 54:13.2.16] 


803.2.16 Offsets in Multistory Installations. Off- 
sets in multistory common vent systems shall be limited 
to a single offset in each system, and systems with an 
offset shall comply with all of the following: 


(1) The offset angle shall not exceed 45 degrees (0.79 
rad) from vertical. 


(2) The horizontal length of the offset shall not exceed 
18 inches per inch (18 mm/mm) of common vent 
diameter of the segment in which the offset is located. 


(3) For the segment of the common vertical vent con- 
taining the offset, the common vent capacity listed in 
the common venting tables shall be reduced by 20 
percent (0.80 x maximum common vent capacity). 


(4) A multistory common vent shall not be reduced in 
size above the offset. [NFPA 54:13.2.17] 


803.2.17 Vertical Vent Size Limitation. Where two 
or more appliances are connected to a vertical vent or 
chimney, the flow area of the largest section of vertical 
vent or chimney shall not exceed seven times the small- 
est listed appliance categorized vent areas, flue collar 
area, or draft hood outlet area unless designed in accor- 
dance with approved engineering methods. [NFPA 
54:13.2.18] 


803.2.18 Multiple Input Ratings. For appliances with 
more than one input rate, the minimum vent connector 
capacity (FAN Min) determined from the tables shall be 
less than the lowest appliance input rating, and the max- 
imum vent connector capacity (FAN Max or NAT Max) 
determined from the tables shall be greater than the high- 
est appliance input rating. [NFPA 54:13.2.19] 


803.2.19 Corrugated Metallic Chimney Liner 
Reduction. Listed corrugated metallic chimney liner 
systems in masonry chimneys shall be sized by using 
Table 803.2(1) or Table 803.2(2) for Type B vents, with 
the maximum capacity reduced by 20 percent (0.80 x 
maximum capacity) and the minimum capacity as shown 
in Table 803.2(1) or Table 803.2(2). Corrugated metallic 
liner systems installed with bends or offsets shall have 
their maximum capacity further reduced in accordance 
with Section 803.2.4 and Section 803.2.5. The 20 per- 
cent reduction for corrugated metallic chimney liner sys- 
tems includes an allowance for one long radius 90 degree 
(1.57 rad) turn at the bottom of the liner. [NFPA 
54:13.2.20] 


803.2.20 Chimneys and Vents. Table 803.2(1) 
through Table 803.2(5) shall be used only for chimneys 
and vents not exposed to the outdoors below the roof 
line. A Type B vent or listed chimney lining system pass- 
ing through an unused masonry chimney flue shall not 
be considered to be exposed to the outdoors. A Type B 
vent passing through an unventilated enclosure or chase 
insulated to a value of not less than R8 shall not be con- 
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sidered to be exposed to the outdoors. Where vents 
extend outdoors above the roof more than 5 feet (1524 
mm) higher than required by Table 802.6.1, and where 
vents terminate in accordance with Section 802.6.1(1)(b), 
the outdoor portion of the vent shall be enclosed as 
required by this section for vents not considered to be 
exposed to the outdoors, or such venting system shall be 
engineered. Table 803.2(6) through Table 803.2(9) shall 
be used for clay tile lined exterior masonry chimneys, 
provided all the following conditions are met: 


(1) The vent connector is Type B double wall. 
(2) At least one appliance is draft hood equipped. 


(3) The combined appliance input rating is less than the 
maximum capacity given by Table 803.2(6) (for 
NAT+NAT) or Table 803.2(8) (for FAN+NAT). 


(4) The input rating of each space-heating appliance is 
greater than the minimum input rating given by 
Table 803.2(7) (for NAT+NAT) or Table 803.2(9) 
(for FAN+NAT). 


(5) The vent connector sizing is in accordance with 
Table 803.2(3). [NFPA 54:13.2.22] 


803.2.21 Vent Connector Sizing. Vent connectors 
shall not be increased more than two sizes greater than 
the listed appliance categorized vent diameter, flue col- 
lar diameter, or draft hood outlet diameter. Vent con- 
nectors for draft hood-equipped appliances shall not be 
smaller than the draft hood outlet diameter. Where a vent 
connector size(s) determined from the tables for a fan- 
assisted appliance(s) is smaller than the flue collar diam- 
eter, the use of the smaller size(s) shall be permitted, 
provided that the installation complies with all of the fol- 
lowing conditions: 


(1) Vent connectors for fan-assisted appliance flue col- 
lars 12 inches (300 mm) in diameter or smaller are 
not reduced by more than one table size [e.g., 12 
inches to 10 inches (300 mm to 250 mm) is a one- 
size reduction] and those larger than 12 inches (300 
mm) in diameter are not reduced more than two 
table sizes [e.g., 24 inches to 20 inches (600 mm to 
500 mm) is a two-size reduction]. 


(2) The fan-assisted appliance(s) is common vented 
with a draft hood-equipped appliance(s). 


(3) The vent connector has a smooth interior wall. 
[NFPA 54:13.2.24] 


803.2.22 Combination of Pipe Types and Sizes. 
All combinations of pipe sizes, single-wall metal pipe, 
and double-wall metal pipe shall be allowed within any 
connector run(s) or within the common vent, provided 
ALL of the appropriate tables permit ALL of the desired 
sizes and types of pipe, as if they were used for the entire 
length of the subject connector or vent. Where single- 
wall and Type B double-wall metal pipes are used for 
vent connectors within the same venting system, the 
common vent shall be sized using Table 803.2(2) or 
Table 803.2(4) as appropriate. [NFPA 54:13.2.25] 
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803.2.23 Multiple Connector and Vent Sizes. 
Where Table 803.1.2(1) through Table 803.2(9) permits ] 
more than one diameter of pipe to be used for a connec- 
tor or vent, all the permitted sizes shall be permitted to be 
used. [NFPA 54:13.2.26] 


803.2.24 Interpolation. Interpolation shall be permit- 
ted in calculating capacities for vent dimensions that fall 
between table entries. [NFPA 54:13.2.27] 


803.2.25 Extrapolation. Extrapolation beyond the 
table entries shall not be permitted. [NFPA 54:13.2.28] 


803.2.26 Engineering Methods. For vent heights 
lower than 6 feet (1829 mm) and higher than shown in 
the tables, engineering methods shall be used to calcu- 
late vent capacities. [NFPA 54:13.2.29] 


803.2.27 Height Entries. Where the actual height of 

a vent falls between entries in the height column of the 

applicable table in Table 803.2(1) through Table 

803.2(9), either of the following shall be used: | 

(1) Interpolation. 

(2) The lower appliance input rating shown in the table 
entries, for FAN MAX and NAT MAX column val- 
ues; and the higher appliance input rating for the 
FAN MIN column values. [NFPA 54:13.2.30] 
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99% Winter Design Temperatures for the Contiguous United States 
This map is a necessarily generalized guide to temperatures in the contiguous United States. Temperatures shown for areas such 


as mountainous regions and large urban centers are not necessarily accurate. The climate data used to develop this map are from 
the ASHRAE Handbook — Fundamentals (Climate Conditions for the United States). 


For 99% winter design temperatures in Alaska, consult the ASHRAE Handbook — Fundamentals. 
99% winter design temperatures for Hawaii are greater than 37°F 
For SI units: °C = (°F-32)/1.8 


FIGURE 803.1.2(6) 
RANGE OF WINTER DESIGN TEMPERATURES USED IN ANALYZING EXTERIOR MASONRY CHIMNEYS IN THE UNITED STATES 
[NFPA 54: FIGURE F.2.4] 
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® TABLE 803.1.2(1) 
TYPE B DOUBLE-WALL GAS VENT [NFPA 54: TABLE 13.1(a)]* 


NUMBER OF APPLIANCES: | SINGLE | 
APPLIANCE TYPE: | CATEGORY | 
APPLIANCE VENT CONNECTION: | CONNECTED DIRECTLY TO VENT 
VENT DIAMETER - D (inch) 
3 4 5 6 | 7 
APPLIANCE INPUT RATING IN THOUSANDS OF BTU PER HOUR 

HEIGHT | LATERAL FAN NAT FAN NAT FAN NAT FAN NAT FAN NAT 
H L - = SS SSS sje SS 
(feet) (feet) Min Max Max Min Max Max Min Max Max Min Max Max Min | Max Max 
6 0 0 78 46 0 12 86 | 0 S| 141 0 STB 205 0 524 285 | 
2 13 51 36 18 97 67 Di 157 105 32 232 137 44 Sea ZL. 

4 21 49 34 30 94 64 39 ¥53 103 50 el 153 66 =. 316 211 

6 |) 25 | 46 Geog) 36 || 91 Bei 47 | 149 GG) 59 | 223 Fao 78 | 310 | 205 

8 0 0 84 50 0 165 94 0 276 155 0 415 vs) 0 | 583 320 
2 12 57 40 16 109 75 25 178 120 28 263 180 42 | 365 247 

5 23 53 38 32 103 71 42 171 115 53 255 173 TOM S350 Zo 

8 28 | 49 35 39 98 66 51 164 109 64 247 165 | 84 | 347 car 

10 0 0 88 a3 0 7B) 100 0 295 166 0 447 so 0 631 345 
2 12 61 42 17 118 81 23 194 129 26 289 195 | 40 402 273 

5 23 Sy 40 BZ 3 77 41 187 124 52 280 188 68 - 392 263 

10 30 51 36 41 104 70 a 54 176 if) 67 S20) 1752 88 376 245 
15 0 0 94 58 0 191 112 0 a2], 187 0 502 Zo> «(0 716 390 | 
2 11 69 48 15 136 93 20 226 150 22 339 225 38 | 475 316 

> 22 65 45 30 130 87 39 219 142 49 330 217 64 463 300 

10 29 59 4] 40 alk 82 51 206 135 64 315 208 84 | 445 288 

il) 35 53 ae \ 48 M2 76 61 195 128 76 301 198 98 429 2I5 

20 0 0 97 61 0 202 119 0 349 202 0 540 307 0 | 776 = 430 
y, 10 a5 51 14 149 100 18 250 166 20 377 249 33 | 531 346 
5 2A WAI 48 29 143 96 38 | 242 160 47 367 241 | 62 | 519 Bo =| 

10 28 64 44 38 133 89 50 229 150 62 351 225-| 81 | 499 Sz) 
15 34 58 40 46 124 84 59 217 142 ip: 337 217 94 | 481 308 | 

20 48 | 52 Bao | 55 | 116 [oe | 69 | 206 [abd | 84 | 322 | 206,| 107 | 464 © 295 

30 0 0 100 64 0 213 128 0 374 §=220 0 587 B30. «OO | 853 475 
2 9 81 56 13 166 biz 14 283 185 18 432 o303| 27 | 613 394 
3 21 77 54 28 160 108 36 Pi pe 176 45 421 273 58 | 600 Sheed 

10 ps) 70 50 sd 150 102 48 262 171 59 405 260, 7/7 | 580 371 

15 aye) 64 NA 44 141 96 ay! 249 163 70 389 249 | 90 | 560 357 

20 56 58 NA 53 132 90 66 2.3) 154 80 374 @475| 102 | 542 343 

| 30 NA NA NA 73 | 113 NA J 88 214 NA a 104 346 219 | “shae re 6 321 

50 0 0 101 67 0 216 134 0 397 232 0 633 363 OT 932 518 
2 8 86 61 11 183 122 14 320 jezos 15 497 aoa) 22 715 445 | 

5 20 C82 NA Ly) MT 119 35 ai2 200 43 487 Se =D «| 702 438 

10 26 76 NA 33 168 114 45 299 190 56 471 298 73 | +681 426 

15 59 70 NA 42 158 NA 54 287 180 66 455 288 85 662 413 

20 NA NA NA 50 149 NA 63 2713 169 76 440 278 97 642 401 

30 NA | NA PAT] 69 | 131 GNA] 84 | 250 (NA | 99 | 410 259] 123 | 605 | 376 

100 0 NA NA NA 0 218 NA 0 407 NA 0 665 400 ey aey 560 
2 NA NA NA 10 194 NA iz 354. NA 13 566 ph! 18 | 831 510 | 

5 NA NA NA 26 189 NA 33 347 NA 40 537 369 ay) | 820 504 
10 NA NA NA 33 182 NA 43 B39 NA 53 542 361 68 801 493 | 

hiss NA NA NA 40 174 NA 50 eval NA 62 528 J 53 80 | 782 482 
20 NA NA NA 47 166 NA 59 311 NA Ti ots 344 90 | 763 471 | 

| 0 NA NA NA NA NA NA 78 290 NA 92 483 NA 17S. 7 20 449 

50 NA NA NA 1 NA NA NA NA NA NA 147 428 NA | 180. DOL — 405 


For SI units: 1 inch = 25.4 mm, | foot = 304.8 mm, 1000 British thermal units per hour = 0.293 kW, 1 square inch = 0.000645 m? 
* NA: Not applicable. 
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TABLE 803.1.2(1) 
TYPE B DOUBLE-WALL GAS VENT [NFPA 54: TABLE 13.1(a)] (continued) 


NUMBER OF APPLIANCES: SINGLE 
APPLIANCE TYPE: CATEGORY | 
APPLIANCE VENT CONNECTION: CONNECTED DIRECTLY TO VENT 
| | VENT DIAMETER - D (inch) 
| 8 | 9 10 | 12 | 14 
(Pa! 8h MUL ____ APPLIANCE INPUT RATING IN THOUSANDS OF BTU PER HOUR | 
HEIGHT | LATERAL FAN NAT FAN NAT FAN NAT | FAN NAT FAN NAT 
ey L ee ee wae ee FS ee bs = 2 = a ee 
(feet) (feet) Min Max Max Min Max Max Min Max Max Min Max Max Min Max Max 
6 0 0 | 698 370 0 897 470 0 1121 570 0 | 1645 850 0 2267 wit 
2 | 53 425 285 63 543 370 75 675 455 LOS e982 650 138 1346 890 
4 79 419 279 93 536 362 110 668 445 147 975 640 191 1338 880 
6 93 413 275 110 530 354 i 128 661 435 171 967 630 219 1330 870 
8 0 0 780 415 0 1006 — 537 0 1261 660 0 1858 = 9703 0 2571 74320 
2 50 483 322% 60 619 418 71 770 Did 98 1124 = 745 130 1543 1020 
5) 83 473 313 99 607 407 1S) 758 503 154 1110 ©3733 199 1528 1010 
lee te 8 99 463 303 We 596 396 ‘| 1397) 746 490 180 1097 720 231 1514 1000 
eos, | 0 | 0 847 450 0 1096 585 0 a7. 720 0 2036 ~=1060 0 2825 1450 
2) | 48 533 SS Sif 684 457 68 852 560 93 1244 850 124 1713 BEt3se 
5 | 81 S22 346 95 671 446 112 839 547 | 149 1229 829 192 1696 1105 
10 | 104 504 330 | 12 651 427 142 817 S25, 187 1204 2795 238 1669 1080 
15 0 | 0 970 525 0 1263 682 0 1596 840 0 2380 1240 0 3323 720 
| 9} es) 633 414 53 815 544 63 1019 675 86 1495 985 114 | 2062 ~ 1350 
| 5 | 76 620 403 90 800 529 105 1003 660 | 140 1476 967 1e2 Wae204t 1327 
10 | 99 600 386 116 TEE 507 135 977 635. 177 1446 936 227 | 2009 1289 | 
15 | MS) 580 373 134 IS) 491 iS 953 610 202 | 1418 905 Di 1976 1250 
20 0 | 0 1057 375 0 1384 . 7a2 0 1756 930 0 | 2637 1350 0 3701 1900 | 
2 et 41 ated 470 50 917 612 59 1150 qaS 81 1694 = 7FOO 107 | 2343 238820 
5 73 697 460 86 902 599 101 1133 738 i12)5 1674 1079 174 2320 1498 
10 95 675 443 112 877 576 130 1105 710 172 1641 = 1045) 220 | 2282 «| 1460 
| 155) | ile 654 427 129 853 Sar 150 1078 688 195 1609 1018 | 248 | 2245 1425 | 
| _|_-20_| 125 | 634 ai] 145 | 830 [eee sl 167 | 1052 (gee) 217 | 1578 |e | 273 | 2210 lee 
30 0 0 1173. Beso 0 1548 | 8355 0 1977 1060 =O 3004 Sissos 0 4252 Geeiag 
2 33 826 535 42 1072 700 54 1351 865 74 2004 =1310 98 2786 ~=1800 
> 69 | 811 524 82 1055 688 96 1332 851 127 1981 1289 164 | 2759 Gees 
10 91 788 507 107 1028 668 125 1301 829 164 1944 — 1254, 209 | 2716 =41733 
iS 105 765 490 124 | 1002 648 143 1272 807 187 1908 1220 | 237 | 2674 . 1692 
20 119 743 473 139 977 628 160 1243 754, 207 1873 3148553 260 | 2633 hese 
a 30 | 149 | 702 444 | 171 | 929 594 | 195 | 1189 745 | 246 | 1807 1130 | 305 | 2555 1585 
50 0 0 1297. .708 0 1730 952 0 2231 1195 0 3441 1825 0 4934 2550 
2 26 975 615 33 1276. 4833 41 1620 1010 66 2431 115 86 3409 221095 
5 65 960 605 Wa! 1259 798 90 1600 996 118 2406 1495 151 3380 §=6.2102 
10 86 935 589 101 1230. 34743 118 1567 972 154 | 2366 1466 196 | 3332 2064 
WS 100 91] S72 117 | 1203. ae 136 1536 948 177 | 2327 “easy 222 | 3285 se 
20 113 888 556 ey 1176 3722 151 1505 924 195 | 2288 1408 | 244 | 3239 1987 
| 30 141 844 §22 161 1125 670 183 1446 876 232 | 2214 sea 287 3150 =: 1910 
100 | 0 Oe 7710 0 1908 1040 0 2491 mi02. 0 3925 ~ 2050 0 5729 2950 
| 2 2il 1155. i700 PES 1536 =: 935 30 1975 1170 44 3027 +4820 72 4313 wegsse 
| 5 60 1141 692 71 1519 926 82 1955 1159 107 | 3002 .\41803 136 |.4282 253i 
| 10 80 1118. ozs 94 1492 910 108 1923 1142 142 | 2961 ijgam 180 |.4231 Sone 
15 93 1095 666 109 1465 895 126 1892 1124 163 | 2920 1747 206 | 4182 2469 
| 20 105 1073. m653%4. 122 | 1438, 3ahee 141 1861 107, 181 2880 . Bae) 226 |.4133 meas 
30 IPs\il 1029. eez7 149 1387 849 170 1802 1071 215 | 2803 gees. .265 |.4037 seaage 
| 50 | 197 | 944 57D 27 1288 ae 241 1688 1000. 292 | 2657 %s500 350 | 3856 Bezase 


For SI units: 1 inch = 25.4 mm, | foot = 304.8 mm, 1000 British thermal units per hour = 0.293 kW, | square inch = 0.000645 m? 
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TABLE 803.1.2(1) 
TYPE B DOUBLE-WALL GAS VENT [NFPA 54: TABLE 13.1(a)] (continued) 
NUMBER OF APPLIANCES: | SINGLE 
APPLIANCE TYPE: | CATEGORY | 
APPLIANCE VENT CONNECTION: | CONNECTED DIRECTLY TO VENT 
VENT DIAMETER - D (inch) | 
16 | 18 ] 20 22 24 
APPLIANCE INPUT RATING IN THOUSANDS OF BTU PER HOUR 
HEIGHT | LATERAL FAN NAT FAN NAT FAN NAT FAN NAT FAN NAT 
H L 4 = —— <> 
(feet) (feet) Min Max Max Min Max Max Min Max Max Min Max Max Min Max Max 
ss SS <- = basa bE ee Se =. Es a 4. = = 4 
6 0 0 2983 | 4530 0 3802 1960, 0 4721 2430 0 5737 = 2950 0 6853 3520 
2 178 | 1769 307@| 225 | 2250 284807 296 | 2782 =Ae90) 360 | 3377 32220) 426 | 4030 2670 
4+ 242 | 1761 A460 300 | 2242 (1475, 390 | 2774 1835 | 469 | 3370 (2215 555 | 4023 2660 
[ 6 | 276 | 1753 @eaeO) 341 | 2235. aay | 437 | 2767 | ae 523 | 3363 GaeiO 618 | 4017 2650 
8 0 0 3399 1740 0 4333 2220, 0 5387 932730 0 6555 3360 0 7838 4010 
2 168 | 2030 13401 212 | 2584 1700) 278 | 3196 2110 | 336 | 3882 © 2560 | 401 | 4634 3050 
5 251 | 2013 43330. 311 | 2563 ©4685") 398 | 3180 2000 476 | 3863 (2845, 562 | 4612 3040 
8 289 | 2000 1320 | 354 | 2552 1670) 450 | 3163 2070 | 537 | 3850 2530 | 630) 4602 3030 | 
10 0 0 3742 i925 0 4782 2450 0 5955 3030 0 7254 3710 0 8682 4450 
2 161 | 2256 1480 | 202 | 2868 — 1890 | 264 | 3556 (2340 | 319 | 4322 ©2840 ) 378 | 5153 3390 
5 243 | 2238 1461, 300 | 2849 — 1871) 382 | 3536 ~2318 458 | 4301 (2818 | 540 | 5132 3371 
10 298 | 2209 1430 | 364 | 2818 1840 | 459 | 3504 2280 | 546 | 4268 2780 | 641 | 5099 3340 
15 0 0 4423 2270 0 5678 § 2900 0 7099 3620 0 8665 4410 0 | 10393 = 3300 
2 147 | 2719 4970 186 | 3467 22601 239 | 4304 2800 | 290 | 5232 3410 | 346) 6251 4080 
5 229 | 2696 =2748 283 | 3442 (2235 355 | 4278 (2977 | 426 | 5204 43385 1 501 | 6222 4057 
10 283 | 2659 49742) 346. | 3402 —2193, 432 | 4234 —2739 | 510 | 5159 3343. 599 6175 4019 
15 318 | 2623 1675. 385 | 3363 2150 479 | 4192 270G | 564 | 5115 3300 | 665 | 6129 3980 | 
20 0 0 4948 2520 0 6376 *3296, 0 7988 4060 0 9785 4980 0 11753 6000 
2 139 | 3097 320001 175 | 3955 =2570 220 | 4916 =3200 | 269 | 5983 338107 321 | 7154 4700 
5 219 | 3071 1978 | 270 | 3926 2544 337 | 4885 3174 | 403 | 5950 3880 | 475 | 7119 4662 
10 =| 273 | 3029 1940 334 | 3880 2500 | 413 | 4835 3130 | 489 | 5896 3830 | 573 | 7063 4600 
15 | 306 | 2988 1910) 372 | 3835 2465 | 459 | 4786 3090 541 5844 3795 | 631 | 7007 4575 
lM 20 335 | 2948 1880 | 404 | 3791 2430 | 495 | 4737 3050 | 585 | 5792 3760 | 689 | 6953 4550 
30 0 0 5725 | 2920 0 7420 3770) O 9341 4750 0 11483 5850 0 13 848 7060 
2 127 | 3696 2380 159 | 4734 3050 199 | 5900 3810 | 241 7194 4650 | 285 | 8617 5600 
5 206 | 3666 2350 | 252 | 4701 (3020) 312 | 5863 «3783 373 | 7155 = 4622. 439 8574 5552 
10 259 | 3617 2300 316 | 4647 2970 | 386 | 5803 3739 | 456 | 7090 4574 | 535 | 8505 5471 | 
15 292 | 3570 2250 354 | 4594 2920 431 | 5744 3695 | 507 | 7026 4527 | 590 | 8437 5391 | 
20 319 | 3523 2200 | 384 | 4542 2870 467 | 5686 3650 548 | 6964 4480 639 | 8370 5310 
30 369 | 3433 2130 | 440 | 4442 2785 | 540 | 5574 3565 | 635 | 6842 4375 | 739 | 8239 5225 
50 ee LY 6711 3440 0 8774 4460 0 11 129 §5685 0 13767 6940 0 | 16694 8430 
2 113 | 4554 2840 141 | 5864 ©3670] 171 | 7339 4630 | 209 | 8980 © 5695 | 251 | 10788 6860 
5 | 191 |.4520. Page) 234 | 5826 S369 283 | 7295 eae 336 | 8933 5654 | 394 10737 6818 
10 243 | 4464 2767 | 295 | 5763 3585 | 355 | 7224 4542 419 | 8855 = 5585 | 491 | 10652 6749 
15 274 | 4409 2721 | 330 | 5701 3534 396 | 7155 A511 | 465 | 8779 5546 | 542 | 10570 6710 
20 300 | 4356 2675) 361 5641 3481 | 433 | 7086 4479 | 506 | 8704 5506 586 | 10488 6670 
30 347 | 4253 2631 | 412 | 5523 3431 | 494 | 6953 4421 | 577 | 8557 oai4 | 672 | 10328 6603 
100 0 0 7914 4050 0 10 485 5300 | 0 13 454 6700 0 16817 8600 0 | 20578 10300 
2 95 | 5834 3500 120 | 7591 4600} 138 | 9577 5800 | 169 | 11803 7200 204 | 14264 8800 
2 172 | 5797 34751 208 | 7548 ©4566) 245 | 9528 5769 | 293 | 11748 — 71627) 341 | 14204 (8756 
10 223 | 5737 3434| 268 | 7478 4509 | 318 | 9447 5717 | 374 | 11658 7100 | 436 | 14105 8683 
15 252 | 5678 3392 | 304 | 7409 4451 | 358 | 9367 5665 | 418 | 11569 7037 | 487 | 14007 8610 
20 277 | 5619 3351 | 330 | 7341 4394) 387 | 9289 5613 | 452 | 11482 (6975 | 523 | 13910 8537 
30 319 | 5505 3267 | 378 | 7209 4279! 446 | 9136 5509) 514 | 11310 6850 | 592 | 13720 8391 
50 415 | 5289 3100 | 486 | 6956 4050 | 572 | 8841 5300 | 659 | 10979 6600 | 752 | 13354 8100 
For SI units: 1 inch = 25.4 mm, | foot = 304.8 mm, 1000 British thermal units per hour = 0.293 kW, 1 square inch = 0.000645 m? 
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TABLE 803.1.2(2) 
TYPE B DOUBLE-WALL GAS VENT [NFPA 54: TABLE 13.1(b)]* 


NUMBER OF APPLIANCES: | SINGLE 
APPLIANCE TYPE: | CATEGORY | 
APPLIANCE VENT CONNECTION: | SINGLE-WALL METAL CONNECTOR 
VENT DIAMETER — D (inch) 
3 4 5 | 6 7 
APPLIANCE INPUT RATING IN THOUSANDS OF BTU PER HOUR 

HEIGHT | LATERAL FAN NAT FAN NAT FAN NAT FAN NAT FAN NAT 
fies ea) Min Max Max Min Max Max Min | Max Max Min Max Max Min Max Max 
6 0 38 ra 45 59 151 85 85 249 =140 126 | 373 me20e 165 | 522 wage 
2 39 51 36 60 96 66 85 156 104 123 231 156 I59 | 320 eee 
4 NA | NA 33 74 92 63 102 152 102 146 | 19225 152 187 | 313 Gee 
6 NA | NA 31 J 83 89 60 [ 114 a 147 | 163 | 220 148 | 207 | 307 | 203 
8 0 37 83 50 58 164 93 83 273 154 123 | 412 tezg6 161 580 wae 
2 39 56 39 59 108 fee 83 176 119 121 261 179 155 | 363 ) 246 
5 NA NA 37 77 102 69 107 168 114 151 22 ‘Wie! 193 392 235 
; a NA | NA 33 ‘90 95 pee) 122 161 107 175 | 243 1655, 223 | 342 eae 
10 0 30 87 a Yi | 174 99 82 293 165 120 | 444 254 158 | 628 344 
2 39 61 41 59 117 80 82 193 128 119 W287 194 153 | 400 7272 
5 a2 56 39 76 111 76 105 185 122 148 0277 186 190 | 388 sees 
10 NA NA 34 97 100 68 132 171 112 188 261 171 257 369 241 
15 0 36 93 7 56 190 ait q 80 O25 fom] 116 | 499 Hogs 153 | 713 Sa 
2 38 69 47 57 136 93 80 22) 149 | 115 | 337 224 | 148 | 473 314 
5 51 63 44 75 128 86 102 |) 216 140 144 | 326 = 2i7 182 | 459 | 293 
10 NA | NA 39 95 116 1 128 F201 131 182 | 308 #203, 228 | 438 = Zee 
1S) | NA | NA Sega) NA | NA te 158 186 te, 220 | 290 Beige 272 | 418 Begee 
20 0 35 96 60 54 200 118 78 346 201 114 537 306 149 wie 428 
2 37 74 50 56 148 99 78 248 165 113 375 248 144 528 344 
5 50 68 47 73 140 94 100 239 158 141 363 239 178 514 334 
10 NA NA 4] 93 129 86 125 2S 146 177 344 224 222, 49] 316 
Id NA NA NA NA NA 80 155 208 136 216 £95) 210 264 469 301 
20 NA NA NA NA NA NA 186 [ 192 126 254 306 196 309 448 285 
30 0 34 ze 63 2) on 127 76 372 = 3219 110 | 584 334 , 144 | 849 472 
2 oT 80 56 Bp) 164 111 76 281 183 109 429 279 139 610 392 
5 49 74 De ip 157 106 98 ag 173 136 | 417 fae 171 595 Wee 
10 NA NA NA 91 144 98 i 225 168 171 397 aot a3 570 367 
15 NA NA NA 115 131 NA 151 239 137 208 S77 242 O55 547 349 
20 NA NA NA NA NA NA 181 223 NA 246 obs 228 298 524 333 
30 NA NA NA NA NA NA [ NA NA NA NA NA NA 389 477 305 
50 0 33 99 66 51 213 133 73 394 =230 105 | 629 Besey 138 | 928 Hees 
2 36 84 61 aye) 181 121 73 318 7205 104 | 495 312 133 | 712 443 
5 48 80 NA 70 174 117 94 308 198 teal 482 305 164 | 696 435 
10 NA | NA NA 89 160 NA FES i292 186 162 | 461 Hego2 203 | 671 eazo 
15 NA NA NA Bh 2 148 NA 145 ys) 174 199 44] 280 244 646 405 
20 NA | NA NA, NA | NA 2x 176 | 257 | aA) 236 | 420 megee 285 | 622 Beaee 
30 NA | NA @MA., NA | NA ga, NA | NA @ NA 315 | 376 Bae 373 | 573 Gee 

eee = <a eee = is = s ——— — = = —+ 
100 0 NA | NA | NA 49 214 NA 69 403 NA 100 | 659 395 131 991 555 
2 NA | NA NA 51 192 NA 70 a NA 98 563 Haeae 125 | 828 sage 
5 NA | NA . NA 67 186 NA 90 342 NA LZ) ea 366 156 | 813 (eave 
10 NA NA NA 85 175 NA 113 324 NA 153 wee 354 191 789 486 
15 NA | NA NA 132 162 NA 138 | 310 NA 188 SI 343. | 230 | 764 473 
20 NA | NA NA | NA | NA’ WNA 168 |. 295 BNA) 224 | 487 Was 270 | 739 Giese 

30 NA | NA GaNaee NA | NA #3 231 264 NA 301 448 NA | 355 | 685 NA | 
50 NA | NA NA NA NA NA NA NA NA NA NA NA 540 584 NA 


For SI units: 1 inch = 25.4 mm, | foot = 304.8 mm, 1000 British thermal units per hour = 0.293 kW, 1 square inch = 0.000645 m? 
* NA: Not applicable. 
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CHIMNEYS AND VENTS 


a) TABLE 803.1.2(2) 


TYPE B DOUBLE-WALL GAS VENT [NFPA 54: TABLE 13.1(b)] (continued)* 


NUMBER OF APPLIANCES: | SINGLE 
APPLIANCE TYPE: | CATEGORY | 
APPLIANCE VENT CONNECTION: | SINGLE-WALL METAL CONNECTOR 
VENT DIAMETER — D (inch) 
8 9 10 L f 12 
APPLIANCE INPUT RATING INTHOUSANDS OF BTU PER HOUR 
HEIGHT LATERAL FAN NAT — FAN NAT FAN NAT FAN NAT 
H L : = 
(feet) (feet) Min Max Max Min Max Max Min Max Max Min Max Max 
6 0 211 695 369 267 894 469 371 1118 569 537 1639 849 
2 201 423 284 251 541 368 347 673 453 498 979 648 
4 237 416 27 295 533 360 409 664 443 584 971 638 
6 263 409 271 /| 327 526 352 | 449 656 433 638 962 627 
8 0 206 777 414 258 1002 536 360 1257 658 521 1852 967 
2 197 482 321 246 617 417 339 768 $13 486 1120 743 
5 245 470 311 305 604 404 418 754 500 598 1104 730 
if | 8 280 458 300 344 591 392 470 740 486 665 | 1089 715 
10 0 202 844 449 | 253 1093 584 B51 ai4 lays 718 507 2031 1057 
2 193 531 354 | 242 681 456 332 849 559 475 1242 848 
5 241 518 344 299 667 443 409 834 544 584 1224 825 
10 296 497 325 363 643 423 492 808 520 688 1194 788 | 
15 0 195 966 523 244 1259 681 336 1591 838 488 2374 1237 
2 187 631 413 2a2 812 543 319 1015 673 457 | 1491 983 
5 2a! 616 400 | 287 795 526 392 997 657 562 1469 963 
@ 10 284 592 381 | 349 768 501 470 966 628 664 1433 928 
15 334 568 367 404 742 484 540 937 601 750 1399 894 
20 0 190 1053 $73 238 1379 750 326 1751 927 473 2631 1346 
2 182 708 468 Zi 914 611 309 1146 754 443 1689 1098 
5 224 692 457 279 896 596 381 1126 734 547 | 1665 1074 
10 277 666 437 339 866 370 457 1092 702 646 1626 1037 
15 32) 640 419 393 838 549 526 1060 677 dae |” 1387 1005 
20 374 616 400 448 810 526 | 592 1028 Or 808 | 1550 -29%5 | 
30 0 184 1168 647 229 1542 852 312 1971 1056 454 | 2996 1545 
ps 175 823 533 219 1069 698 296 1346 863 424 1999 1308 
5 Dis 806 521 269 1049 684 366 1324 846 524 1971 1283 
10 203 TW, SOL San 1017 662 440 1287 821 620 1927 1243 
15 Sky 750 481 379 985 638 507 1251 794 702 = 1884 1205 
20 360 123 461 433 955 615 570 1216 768 780 / 1841 1166 
30 461 670 426 541 895 574 f 704 1147 720 937 1759 1101 
50 0 176 1292 704 220 1724 948 295 7223 1189 428 | 3432 1818 
2 168 971 613 209 1273 811 280 1615 1007 401 | 2426 1509 
5 204 953 602 257 1232 7195 347 1591 991 496 2396 1490 
10 253 923 583 313 WA 765 418 1551 963 589 2347 1455 
15 299 894 562 363 1183 736 481 | 1512 934 668 2299 1421 
20 345 866 543 415 1150 708 544 1473 906 741 2251 1387 
| 30 442 809 $02 521 1086 649 674 1399 848 ; 892 | 2 159- 1318 
| 100 0 166 1404 765 207 1900 1033 273 2479 1300 395 | 3912 2042 
2 158 1152 698 196 1532 933 259 1970 1168 371 3021 1817 
5 194 1134 688 240 1511 921 B22 1945 1153 460 | 2990 1796 
10 238 1104 672 293 1477 902 389 1905 1133 547 2938 1763 
15 281 1075 656 342 1443 884 447 1865 1110 618 | 2888 1730 
20 325 1046 639 391 1410 864 507 1825 1087 690 | 2838 1696 
30 418 | 988 NA 491 1343 824 631 1747 1041 | 834 | 2739 1627 
50 617 866 NA 711 1205 NA 895 1591 NA 1138 [ 2547 1489 


For SI units: 1 inch = 25.4 mm, 1 foot = 304.8 mm, 1000 British thermal units per hour = 0.293 kW, 1 square inch = 0.000645 m2 
* NA: Not applicable. 
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CHIMNEYS AND VENTS 


TABLE 803.1.2(3) q 
MASONRY CHIMNEY [NFPA 54: TABLE 13.1(c)]* ‘ 
NUMBER OF APPLIANCES: | SINGLE 4 
| APPLIANCE TYPE: | CATEGORY I j 
APPLIANCE VENT CONNECTION: TYPE B DOUBLE-WALL CONNECTOR 
TYPE B DOUBLE-WALL CONNECTOR DIAMETER - D (inch) 
TO BE USED WITH CHIMNEY AREAS WITHIN THE SIZE LIMITS AT BOTTOM 
_ 12 4 we STU PER HER i 7 
APPLIANCE INPUT RATING IN THOUSANDS OF BTU PER HOUR 
HEIGHT | LATERAL | FAN NAT | FAN NAT FAN NAT FAN NAT FAN NAT 
H L - = _ 
(feet) (feet) Min Max Max Min Max Max Min) | Max Max Min Max Max Min Max Max 
6 | 2 | NA! NA (fe NA | NA eet NA | NA Pope] NA | NA “ig91 NA | NA (eae 
3S | "NA |UNA 25 NA NA 49 | NA NA 82 NA NA (ai? NA NA 165 
8 2 NA NA 29 NA NA 55 NA NA 93 NA NA 145 NA NA 198 
5 NA NA 26 NA NA 52 NA NA 88 NA NA 134 NA | NA 183 
8 NA NA 24 | NA NA 48 NA NA 83 NA NA 127 NA NA 175 
10 2 NA NA 31 NA NA |= 6) NA NA 103 | NA NA 162 NA NA 22) 
5 NA NA 28 NA NA 57 NA NA 96 NA NA 148 NA NA 204 
10 NA NA © 25 NA NA 50 NA NA 87 NA NA 139 i NA : NA 191 
15 2 NA NA 55 | NA NA 67 NA NA 114 | NA NA 179 53 475 250 
5 NA NA 35 NA NA 62 | NA NA 107 NA NA 164 NA NA 231 
10 NA NA 28 | NA NA 55 NA NA 97 NA NA 153 NA NA 216 
hi NA NA NA q NA NA = 48 NA NA oy | NA NA 141 | NA NA 201 
20 2 NA NA 38 | NA NA 74 NA NA 124 NA NA 201 Sl 522 274 | 
5 NA NA 36 | NA NA 68 NA NA 116 NA NA 184 80 503 254 
10 NA NA NA NA NA 60 NA NA 107 NA NA 172 NA NA 237 
NS NA NA NA NA NA NA NA NA 97 | NA NA 159 NA NA 220 
20 NA NA NA | NA NA NA NA NA 83 NA NA 148 NA NA 206 
30 2) NA NA 41 NA NA 82 NA NA 137 NA NA 216 47 581 303 
5 NA NA NA | NA NA = 76 NA NA 128 NA NA 198 75 561 281 
10 NA NA NA | NA NA 67 NA NA 115 | NA NA 184 NA NA 263 
15 NA NA NA : NA NA = NA NA NA 107 NA NA 171 NA NA 243 
ZO NA NA NA | NA NA NA NA WA 61 | NA NA 159 NA NA 227 
30 | NA NA NA NA NA NA NA NA NA | NA | NA NA | NA NA 188 | 
50 2 NA NA NA NA NA 92 2 NA NA 161 NA NA 251 NA NA 35 
5 NA NA NA | NA NA NA NA NA 151 NA NA 230 NA NA 323 
10 NA NA NA | NA NA NA NA NA 138 | NA NA 215 NA NA 304 
15 NA NA NA | NA NA NA NA NA 127 NA NA 199 NA NA 282 
20 NA NA NA NA NA NA NA NA NA | NA NA = 185 NA NA 264 
30 NA NA NA | NA NA NA NA NA NA NA NA NA NA NA NA 
Minimum 
| internal area of 2 19 28 38 50 
chimney 
| (square inches) 
Maximum 
ene larca of Seven times the listed appliance categorized vent area, flue collar area, or draft hood outlet areas. 
chimney 
(square inches) 


For SI units: 1 inch = 25.4 mm, | foot = 304.8 mm, 1000 British thermal units per hour = 0.293 kW, | square inch = 0.000645 m2 
* NA: Not applicable. 
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TABLE 803.1.2(3) 
MASONRY CHIMNEY [NFPA 54: TABLE 13.1(c)] (continued)* 


CHIMNEYS AND VENTS 


= . = = — = — == = } 
APPLIANCE VENT CONNECTION: | TYPE B DOUBLE-WALL CONNECTOR 


TYPE B DOUBLE-WALL CONNECTOR DIAMETER - D (inch) 


TO BE USED WITH CHIMNEY AREAS WITHIN THE SIZE LIMITS AT BOTTOM 


T 


42 


8 9 10 
APPLIANCE INPUT RATING IN THOUSANDS OF BTU PER HOUR / 
HEIGHT LATERAL FAN NAT FAN NAT FAN NAT FAN NAT 
H L + . = 
(feet) (feet) Min Max Max Min Max Max Min Max Max Min | Max Max 
pugs Sie eater | soe | Vine = os 
6 2 NA NA 247 NA NA 320 NA NA 401 NA NA 581 
| 5 NA | NA 231 NA_ | NA 298 NA NA 376 NA NA 561 
8 2 NA NA 266 84 590 350 100 728 446 139 1024 = 681 
5 NA NA = 247 NA NA 328 149 711 423 201 1007 640 
a 8 NA NA 239 NA NA 318 | 173 695 410 231 990 623 | 
10 2 68 519 298 82 655 388 98 810 49] 136 1144 +724 
5 NA NA 32373) 124 638 | 365 146 791 466 196 1124 | 9g 
10 NA NA 7 ges 155 610 o47 |) 182 | 762 444 240 1093 668 
15 2 64 613 336 77 779 441 92 968 562 127 1376 ~—- 841 
5 99 594 3i3——«W21:18 759 416 139 946 533 186 1352 828 
10 126 565 =9996 | 148 727 | 304 173 912 567 229 1315 777 
15 NA NA (gee 171 698 375 198 | 880 485 259 | 1280 |29a2 
20 ) 61 678 = 9495 73 867 491 87 1083 627 121 1548 953 
5 95 658 = 3565 113 845 463 133 1059 = 597 179 1523 933 
10 122 627 Sa. (i143 811 440 167 1022 566 221 1482 879 
15 NA NA = 34 165 780 418 191 987 541 251 1443 840 
20 NA NA _296 | 186 750 397 214 955 513 277_| 1406 [apes 
30 p. 57 762 =e 68 985 558 81 1240 = 9 111 1793 ta? 
5 90 741 393 106 962 526 125 1216 = 683 169 1766 1094 
10 115 709 373 135 927 500 158 1176 648 210 1721 #aae 
15 NA NA 353 156 893 476 181 1139 = 621 239 1679 981 
20 NA NA = 332. 176 860 450 203 1103 592 264 1638 940 
30 NA NA 288 } | NA NA 416 249 | 1035 555 318 | 1560 __ 877 
50 2 51 840 | agg 61 1106 = 633 re 1413 $12 99 2080 1243 
5 83 819 | a5) 98 | 1083 |= 406 | 116 | 1387 = ia) 155 | 2052 | 4225 
10 NA NA 424 126 1047 567 147 1347 733 195 2006 ~=—-:1147 
15 NA NA 400 146 1010 539 170 1307 702 222 1961 1099 
20 NA NA | 376 165 977 511 190 1269 669 246 1916 1050 
30 NA NA (33327, ~(NA NA 468 233 | 1196 (9689, 295 1832 984 
Minimum 
internal area of 63 78 95 132 
chimney 
(square inches) 


Maximum 
internal area of 
chimney 
(square inches) 


Seven times the listed appliance categorized vent area, flue collar area, or draft hood outlet areas. 


For SI units: 1 inch = 25.4 mm, | foot = 304.8 mm, 1000 British thermal units per hour = 0.293 kW, 1 square inch = 0.000645 m? 
* NA: Not applicable. 
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CHIMNEYS AND VENTS 


TABLE 803.1.2(4) Uy 
MASONRY CHIMNEY [NFPA 54: TABLE 13.1(d)]* ! 


NUMBER OF APPLIANCES: | SINGLE 
APPLIANCE TYPE: | CATEGORY | 
APPLIANCE VENT CONNECTION: eerirmn METAL CONNECTOR 


SINGLE-WALL METAL CONNECTOR DIAMETER -— D (inch) 
TO BE USED WITH CHIMNEY AREAS WITHIN THE SIZE LIMITS AT BOTTOM 
_ ge Be 5 6 7 
a - | APPLIANCE INPUT RATING IN THOUSANDS OF BTU PER HOUR 
HEIGHT | LATERAL | FAN NAT FAN NAT FAN NAT | FAN NAT FAN NAT 
H L : = 
(feet) (feet) | Min | Max Max Min Max Max Min Max Max Min Max Max Min Max Max 
_ eee — 1 
6 2 | NA | NA 28 NA NA 52 NA | NA 86 NA NA 130 NA NA 
= Ste tA NA ao NA NA 48 NAL NA 81 | NA NA 116 NA NA 
8 2 | NA NA 29 NA NA 55 NA | NA 93 | NA NA 145 NA NA 
5 NA NA 26 NA NA 51 NA NA 87 NA NA 133 NA NA 
OG | NA.|iNA 23 NA NA 47 NA NA 82 NA NA 126 | NA NA 
10 2 | NA NA 31 NA NA 61 NA | NA 102 NA NA 161 NA NA 
5 | NA NA 28 NA NA 56 NA | NA 95 NA NA 147 NA NA 
10 | NA NA 24 | NA NA 49 NA | NA 86 NA NA 1A7 | NA NA 
15 2 | NA NA 35 NA NA 67 NA NA 113 | NA NA 178 166 473 
5 | NA NA a2 NA NA 61 NA | NA 106 NA NA 163 NA NA 
10 NA NA 2] NA NA 54 NA NA 96 NA NA 151 NA NA 
15 NA | NA NA | NA NA 46 ya 87 NA NA 138 NA NA 
20 Z NA NA 38 NA NA 13 NA NA 123 NA NA 200 163 520 
5 | NA NA 35 NA NA 67 NA NA 115. | NA NA 183 NA NA 


10 NA | NA |= NA™ NA | NA 59 NA | NA | 105°, NA | NA @17@° NA | NA 
IS | NA | NA @ a NA | NA @Ae = NA | NA 95 NA | NA =—=456>, NA | NA 
20 NA | NA @ 8A NA | NA 7 NA] NA | NA 80 NA | NA_ 144 | NA | NA 


30 yA NA | NA 4] NA | NA 81 7 NA | NA = 4365) NA | NA @gig 158 | 578 
5 NA | NA | AA NA | NA 75 NA | NA 7 iz) NA | NA‘ 2 i3G) NA | NA 
10 | NA | NA @xNA3) NA | NA 66 NA | NA #443), NA | NA @ i827), NA | NA 
15 | NA | NA @AA NA | NA 7 Be NA | NA @ tee NA | NA Gigs NA_| NA 
20 | NA | NA @ AA NA | NA Gee NA | NA 88 NA | NA (35), NA | NA 
30 | NA | NA | NA NA | NA @ WA] NA | NA GNA NA | NA GRA NA | NA 


50 2 NA | NA =~ NA NA | NA 91 NA | NA 160, NA | NA @@50| NA | NA 
a | NA | NA a8 |] NA | NA (yA NA | NA 149°, NA | NA (225, NA | NA 
10 NA | NA # NA NA | NA @BRA® NA | NA 9:4364, NA | NA (= 2i2) NA | NA 
15 NA | NA 7~NA | NA | NA @ NA’ NA | NA = 1247) NA | NA 195 NA | NA 
20 NA | NA @8A |] NA | NA @HAY NA | NA §& RA NA | NA @iso) NA | NA 
30 | NA | NA | WA] NA | NA @ NAS NA | NA @NA NA | NA @NA@ NA | NA 


Minimum 
internal area of 
chimney 
(square inches) 


12 19 28 38 50 


Maximum 
internal area of 
chimney 
(square inches) 


Seven times the listed appliance categorized vent area, flue collar area, or draft hood outlet areas 


For SI units: 1 inch = 25.4 mm, 1 foot = 304.8 mm, 1000 British thermal units per hour = 0.293 kW, 1 square inch = 0.000645 m? 
* NA: Not applicable. 
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TABLE 803.1.2(4) 


MASONRY CHIMNEY [NFPA 54: TABLE 13.1(d)] (continued) * 


CHIMNEYS AND VENTS 


NUMBER OF APPLIANCES: | SINGLE 


APPLIANCE TYPE: | CATEGORY | 


APPLIANCE VENT CONNECTION: |SINGLE-WALL METAL CONNECTOR 


SINGLE-WALL METAL CONNECTOR DIAMETER - D (inch) 
TO BE USED WITH CHIMNEY AREAS WITHIN THE SIZE LIMITS AT BOTTOM 


ae 9 10 12 
Ea ___ APPLIANCE INPUT RATING INTHOUSANDS OF BTUPERHOUR 
HEIGHT LATERAL FAN NAT FAN NAT FAN NAT FAN NAT 
(feet) (feet) Min Max Max Min Max Max Min Max Max Min Max Max 
= | iene 
6 pi) NA NA 247 NA NA 319 NA NA 400 NA NA 580 
5 NA NA 230 NA NA 297 NA NA RI ge NA NA 560 
8 2 NA NA 265 NA NA 349 382 725 445 549 1021 650 
5 NA NA 246 NA NA 327 NA NA 422 673 1003 638 
8 NA NA 237 NA NA oly NA NA 408 747 985 621 
10 2 216 518 297 agg 654 387 373 808 490 536 1142 722 
5 NA NA 276 334 635 364 459 789 465 657 1121 710 
10 NA NA 261 NA NA 345 547 758 44] 771 1088 665 
15 2 211 611 335 264 776 440 362 965 560 520 1373 840 
5 261 591 312 325 755 414 444 942 331 637 1348 825 
10 NA NA 294 392 G22 392 531 907 504 749 1309 774 
| 15 NA NA 218 | 452 692 372 606 873 481 841 IZ 738 
20 y) 206 675 374 258 864 490 252 1079 625 508 1544 950 
5 259 655 | 348 cay 842 461 433 1055 594 623 1518 930 
10 312 622 330 382 806 437 S17 1016 562 133 1475 875 
15 NA NA 311 442 773 414 591 979 $39 823 1434 835 
20 NA NA 292 NA NA 392 663 944 510 91 l 1394 800 
30 2 200 759 420 249 982 556 340 137 eo 489 1789 1110 
5 245 G3 391 306 958 524 417 1210 680 600 1760 1090 
10 300 703 370 370 920 496 500 1168 644 708 1713 1020 
15 NA NA 349 428 884 471 S12 1128 615 798 1668 975 
20 NA NA 327 NA NA 445 643 1089 585 883 1624 932 
30 NA NA 281 NA NA 408 NA NA 544 1055 1539 865 
50 2 191 837 475 238 1103 631 3273 1408 810 463 2076 1240 
5 NA NA 442 293 1078 593 398 1381 770 571 2044 1220 
10 NA NA 420 355 1038 562 447 1337 728 674 1994 1140 
15 NA NA 395 NA NA 233 546 1294 695 761 1945 1090 
20 NA NA 370 NA NA 504 616 P25 1 660 844 1898 1040 
30 NA NA 318 NA NA 458 NA NA 610 1009 1805 970 
Minimum 
internal area of 63 78 95 132 
chimney 
(square inches) 
Maximum 
re ema of Seven times the listed appliance categorized vent area, flue collar area, or draft hood outlet areas. 
(square inches) 
For SI units: 1 inch = 25.4 rc 1 foot = 304.8 fin 1000 British eral winits ear hour = 0.293 kW, 1 square inch = 0.000645 m? 
* NA: Not applicable. 
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CHIMNEYS AND VENTS 


TABLE 803.1.2(5) 
SINGLE-WALL METAL PIPE OR TYPE B ASBESTOS-CEMENT VENT [NFPA 54: TABLE 13.1(e)]* 


NUMBER OF APPLIANCES: | SINGLE 
APPLIANCE TYPE: DRAFT HOOD-EQUIPPED 
APPLIANCE VENT CONNECTION: | CONNECTED DIRECTLY TO PIPE OR VENT 
DIAMETER -— D (inch) 
TO BE USED WITH CHIMNEY AREAS WITHIN THE SIZE LIMITS AT BOTTOM 
3 4 5 6 7 8 | 10 | 12 
| HEIGHT | LATERAL APPLIANCE INPUT RATING IN THOUSANDS OF BTU PER HOUR 
feat ita} MAXIMUM APPLIANCE INPUT RATING IN THOUSANDS OF BTU PER HOUR 
6 0 39 70 116 170 232 312 500 750 
y 31 55 94 141 194 260 415 620 
Hy 28 51 88 128 177 242 390 | «600 
8 0 42 16 126 185 252 340 542 815 
2 32 61 102 154 210 284 451 680 
5 29 56 95 141 194 264 430 648 
10 24 49 al | 86 131 180 250 406 | 625 
10 0 45 Siok alee 202 279 37D 6065" ye. 912 
2 35 67 111 168 233 311 505 760 
5 32 61 104 153 215 289 480 724 
10 27 54 94 143 200 274 455 700 
O15 NA 46 84 130 186 258) SR 432, Se 166 
15 0 49 91 151 223 310 A20m TN 768A 1040 
2 39 q2 ie 186 260 350 570 865 
5 35 67 110 170 240 325 540 825 
10 30 58 103 158 223 308 514 795 
15 NA 50 93 144 207 20%" ay 488 760 
20 NA NA oo 80 132 195 278 466 726 
20 0 53 101 163 252 342 470 770 1190 
2 42 80 136 210 286 392. 641 990 
5 38 74 123 192 264 264eeaie 610 945 
10 32 65 115 178 246 345 571 910 
15 NA 55 104 163 228 326 550 870 
ete 26 NA NA 91 149 214 306 525 832 
30 0 56 108 183 276 384 529 878 1370 
2 44 84 148 230 320 441 730 1140 
5 NA 78 137 210 296 410 694 1080 
10 NA 68 125 196 274 388 656 1050 
15 NA NA 113 177 258 366 625 1000 
20 NA NA 99 163 240 344 596 960 
¢ 30 NA NA NA _NA 192 295 540 890 
50 0 NA 120 210 310 443 590 980 1550 
2 NA 95 171 260 370 492 820 1290 
5 NA NA 159 234 342 474 780 1230 
10 NA NA 146 221 318 456 730 1190 
15 NA NA NA 200 292 407 705 1130 
20 NA NA NA 185 276 384 670 1080 
30 NA NA NA NA 203 330 605 1010 


For SI units: 1 inch = 25.4 mm, | foot = 304.8 mm, 1000 British thermal units per hour = 0.293 kW, 1 square inch = 0.000645 m? 
* NA: Not applicable. 
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@ TABLE 803.1.2(6) 
EXTERIOR MASONRY CHIMNEY [NFPA 54: TABLE 13.1(f)]" 2 


CHIMNEYS AND VENTS 


; NUMBER OF APPLIANCES: SINGLE ath “pA 
APPLIANCE TYPE: NAT Bodie 
ba | APPLIANCE VENT CONNECTION: | TYPE B DOUBLE-WALL CONNECTOR 
MINIMUM ALLOWABLE INPUT RATING OF SPACE-HEATING APPLIANCE IN THOUSANDS OF BTU PER HOUR 
VENT HEIGHT INTERNAL AREA OF CHIMNEY (square inches) 
H —__— ; r - 
(feet) 12 19 28 38 50 63 78 113 
Local 99% winter design temperature: 37°F or greater 
6 0 0 0 0 0 | 0 0 0 
8 0 0 0 0 | 0 | 0 0 0 
10 0 0 0 0 0 | 0 0 0 
15 NA 0 0 | 0 0 | 0 | 0 0 
20 NA NA 123 190 2408: REP 18 4b | 0 0 
30 NA NA NA NA NA . 393 | 334 0 
5° uae || NA NA NA NA NA NA NA 579 
Local 99% winter design temperature: 27°F to 36°F | 
6 0 0 68 | 116 15604 F feo) || 95212 2660s | 
8 0 0 82 [27 167 | 187 | 214 263 
10 0 all 97 141 183 201 | 225 265 
15 NA NA NA NA 233 | B53 | 274 305 
20 NA NA NA NA NA | 307 | 330 362 
30 NA NA NA NA NA | 419 445 485 
| ey 50 NA NAgy ee NAD) | a NA NArs . ge NA _NA 763 
@Q Local 99% winter design temperature: 17°F to 26°F 
6 NA NA NA NA NA ZS 259 349 
8 NA NA NA NA 197 . 226 | 264 352 
10 NA NA NA NA 214 | 245 | 278 358 
15 NA NA Phy | Meee io) SrA NAMEG mmmeogaen || “a3 398 
20 NA NA NA NA NA | Sby | 387 457 
30 NA NA NA NA NA | NA 507 581 
50 NA NA NA NA NA | NA NA NA 
Local 99% winter design temperature: 5°F to 16°F 
6 NA NA NA NA NA NA NA 416 
8 NA NA NA NA NA | NA | 312 423 
10 NA NA NA NA NA | 289 331 430 
15 NA NA NA NA : NA | NA | 393 485 
20 NA NA NA NA NA | NA | 450 547 
30 NA NA NA NA NA NA NA 682 
50 NA NA NA NA NA | NA NA 972 : 
: Local 99% winter design temperature: -10°F to 4°F 
6 NA NA NA NA NA NA NA 484 
8 NA NA NA NA NA | NA | NA 494 
10 NA NA NA NA NA | NA | NA 513 
15 NA NA fF NA NA NATED IGMENAL | «|? NA 586 
20 NA NA NA NA NA | NA | NA 650 
30 NA NA NA NA NA | NA | NA 805 
50 NA NA NA NA NA‘E¢s. | NA NA 1003 
Local 99% winter design temperature: -11°F or lower 
Not recommended for any vent configurations 


For SI units: 1 inch = 25.4 mm, | foot = 304.8 mm, 1000 British thermal units per hour = 0.293 kW, 1 square inch = 0.000645 m2, °C = (°F-32)/1.8 


X Notes: 


' See Figure 803.1.2(6) for a map showing local 99 percent winter design temperatures in the United States. 


2 NA: Not applicable. 
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CHIMNEYS AND VENTS 


TABLE 803.2(1) G 
TYPE B DOUBLE-WALL VENT [NFPA 54: TABLE 13.2(a)]* 
NUMBER OF APPLIANCES: | TWO OR MORE 
APPLIANCE TYPE: | CATEGORY | 
APPLIANCE VENT CONNECTION: | TYPE B DOUBLE-WALL CONNECTOR 
VENT CONNECTOR CAPACITY 
TYPE B DOUBLE-WALL VENT AND CONNECTOR DIAMETER - D (inch) 
3 4 5 6 i 
APPLIANCE INPUT RATING LIMITS IN THOUSANDS OF BTU PER HOUR 
re cdl Uae ea FAN NAT FAN NAT FAN NAT FAN NAT FAN NAT 
; on | hea Min nips Max | Min Max Max eed Max Max & Min Max Max | ak Max Max | 
6 1 ie ot 20 | «(35 66 — 46 46 106 72 58 164 +104 77 225 teas 
Z U3 41 3. C337 75 55 48 121 86 60 183 eee 79 253 168 
‘ 3 24 44 22. 38 81 oe 49 132 PG 62 199 Bia 82 pa we 
8 l 3p) 40 21 35 he 48 49 114 76 64 176 409 84 243 148 
2 23 44 32 36 80 a7 aI 128 90 66 195 #429 86 269 tire 
et aed) 3 | 24 47 oo «(37 87 § G4 53 139 BiGr, 67 210 = 145 88 290 §=198 
10 1 22 43 28 | 34 78 | 430 49 123 78 65 189 23h 89 257 (i364 
Z 23 47 33 36 86 59 sh 136 93 67 206 §=134 91 | 282 fig 
3 24 50 od 37 92 67 52 146 104 69 220 | 430 | 94 303 205 | 
ie l 21 50 |= 30 33 89 33 47 142 83 64 220 420 88 298 163 
2 22 53 35 35 96 63 49 133 99 66 235 | hag 91 320 = 193 
3 24 55 40 36 102 9 7 Sea LG 111 68 248 ‘160 93 339 | 218 
20 l 21 54 31 33 99 56 46 157 87 62 246 §=125 86 334 «I71 
2 22 57 37 34 105 66 48 167 = =104 64 259 =149 89 354 202 
3 23 60 42 35 110 74 | 50 176 (2116 66 201 168 | 91 371 Ge 
30 1 20 62 33 31 113 59 45 181 93 | 60 288 134 83 391 182 
2 pal 64 oo = 33 118 70 47 190 71410 62 299 =456 85 408 = 715 
3 De 66 = 44 34 123 7 48 198 124 | 64 309 — 7s 88 423 242 
50 l 19 71 36. | 30 133 64 43 216 @3Ge 57 349 =145 78 477 197 
2 24 73, | a3 32 137 76 45 223 119 59 358 = 472 81 490 234 
q 3 OL: 75 as 33 141 86 46 229 8 434 61 366 =194 83 502 ges7) 
100 1 18 82 37 28 158 66 40 262 #8104 53 442 150 Ws 611 204 
2 19 83 44 30 161 7? 42 267 «443 55 447 178 Us 619 242 
3 20 84 50 BH 163 89 44 272 3438 57 452 200 78 627 #2 
COMMON VENT CAPACITY 
TYPE B DOUBLE-WALL COMMON VENT DIAMETER - D (inch) 
4 5 6 re 
COMBINED APPLIANCE INPUT RATING IN THOUSANDS OF BTU PER HOUR 
VENT | 
HEIGHT FAN FAN NAT FAN FAN NAT FAN FAN NAT FAN FAN NAT 
H +FAN +NAT | +NAT +FAN +NAT +NAT +FAN +NAT +NAT +FAN +NAT +NAT 
__ (feet) | yl 2 z per ee | 
6 92 81 65 140 116 | 3103 204 161 147 309 248 200 
8 101 90 73 155 129 | [ia 224 178 163 339 215 225 
10 110 97 79 169 141 124 243 194 178 367 299 242 
15 125 112 91 195 164 144 283 225 206 427 32 280 
20 136 123 102 215 183 160 314 255 229 475 394 310 
30 152 138 118 244 210 185 361 297 266 547 459 360 
50 167 153 134 279 244 | 214 421 353 310 641 547 423 
100 | 175 163 NA 311 277 | Ne 489 421 NAGS) 751 658 479 


For SI units: 1 inch = 25.4 mm, 1 foot = 304.8 mm, 1000 British thermal units per hour = 0.293 kW, 1 square inch = 0.000645 m2 
* NA: Not applicable. 
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TABLE 803.2(1) 
TYPE B DOUBLE-WALL VENT [NFPA 54: TABLE 13.2(a)] (continued) 


CHIMNEYS AND VENTS 


NUMBER OF APPLIANCES: ‘Two OR MORE 
APPLIANCE TYPE: CATEGORY | 
APPLIANCE VENT CONNECTION: | TYPE B DOUBLE-WALL CONNECTOR 
VENT CONNECTOR CAPACITY 
TYPE B DOUBLE-WALL VENT AND CONNECTOR DIAMETER - D (inch) | 
8 9 10 | 
APPLIANCE INPUT RATING LIMITS INTHOUSANDS OF BTU PER HOUR 
VENT | CONNECTOR . | oa 
HEIGHT RISE FAN NAT FAN NAT FAN NAT 
fee these Min Max Max Min Max _ Max Min Max Max 
6 1 92 296 185 109 376 231 128 466 289 
2 95 333 220 112 424 282 131 526 345 
at! 3 it 97 363 248 114 463 317 134, SiS 386 
8 1 100 320 194 118 408 248 138 507 303 
2 103 356 230 121 454 294 141 564 358 
3 105 | 384 258 123 492 330 143 612 402 ne 
10 1 106 341 200... 125 436 257 146 542 314 
2 109 374 238... 128 479 305 149 596 372 
3 111 402 208. T3dye -| Code 342 ea 642 417 
15 1 110 389 214 134 493 273 162 609 333 
2 112 419 223 137 Son 323 165 658 394 
3 115 445 286 140ze | [yeeO9 365 | 167_ 700 444 
20 ] 107 436 224 131 Spy 285 158 681 347 
Bs 110 463 265 134 587 339 161 725 414 
3 113 486 300 137 618 383 164 ~| ~~ ~=764 466 
30 103 512 238 125 649 305 151 802 372 
Z 105 535 282 129 679 360 155 840 439 
f 3 108 SBS) | 132 706 405 158 874 494 
50 1 97 627 25] 120 797 330 144 984 403 
2 100 645 306 123 820 392 148 1014 478 
| 3 103 661 343 126 842 44] Sr lapi- 1043 538 
100 ] 91 810 — 266 112 1038 341 135 1285 417 
2 94 822 316 115 1054 405 139 1306 494 
3 97 834 7355 - 118 1069 455 142 S20 555 
COMMON VENT CAPACITY 
TYPE B DOUBLE-WALL COMMON VENT DIAMETER - D (inch) 
: 9 10 
COMBINED APPLIANCE INPUT RATING IN THOUSANDS OF BTU PER HOUR 
VENT | 
HEIGHT FAN FAN NAT FAN FAN NAT FAN FAN NAT 
H +FAN +NAT — +NAT +FAN +NAT +NAT +FAN +NAT +NAT 
(feet) 
6 404 314 = 260 547 434 335 672 520 410 
8 444 348 290 602 480 378 740 577 465 
10 477 35/7) 315 649 $22 405 800 627 495 
15 556 444 365 1S 612 465 924 733 565 
20 621 499 405 842 688 523 1035 826 640 
30 720 585 470 979 808 605 1209\** 975 740 
50 854 706 550 1164 977 705 1451 | 1188 860 
100 1025 873 625 1408 1215 800 1784 1502 975 
For SI units: 1 inch = 25.4 mm, | foot = 304.8 mm, 1000 British thermal units per hour = 0.293 kW, 1 square inch = 0.000645 m? 
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TABLE 803.2(1) 
TYPE B DOUBLE-WALL VENT [NFPA 54: TABLE 13.2(a)] (continued)* 


| NUMBER OF APPLIANCES: | TWO OR MORE 
| APPLIANCE TYPE: | CATEGORY | 
| APPLIANCE VENT CONNECTION: TYPE B DOUBLE-WALL CONNECTOR 


VENT CONNECTOR CAPACITY 
TYPE B DOUBLE-WALL VENT AND CONNECTOR DIAMETER — D (inch) 
12 14 16 18 
APPLIANCE INPUT RATING LIMITS IN THOUSANDS OF BTU PER HOUR 
VENT CONNECTOR FAN NAT FAN NAT FAN NAT FAN NAT 
HEIGHT RISE : 
ath Meet Min Max Max Min Max Max Min Max Max Min Max Max 
6 ce 174 764 496 2Ze3 1046 653 281 1371 853 346 1772 1080 
4 | 180 897 616 230 1231 827 287 1617 1081 352 2069 1370 
| 6 | NA | NA BR] NA | NA @ RU NA | NA @oee] NA | NA fee 
8 2 186 822 516 238 1126 696 298 1478 910 365 1920 1150 
4 192 952 644 244 1307 884 305 1719 1150 372 2211 1460 
t 6 | 198 | 1050 97) 252 | 1445 | ee 313 | 1902 Baga) 380 | 2434 Be 
10 4 196 870 536 249 1195 730 311 1570 955 379 2049 1205 
4 201 O97, 664 256 1371 924 318 1804 1205 387 2532 1535 
6 207 1095 792 263 1509 fis 325 1989 1455 395 2556 1865 _| 
15 2 214 | 967 | $68 272 | 1334 = 96H.) 336 | 1760 $630] 408 | 2317 #eaags 
4 221 | 1085 § 912 | 279 | 1499 | {906 | 344 | 1978 $4901 416 | 2579 (tees 
a 6 _ | 228 | 1181 — 886 | 286 | 1632 (993938) 351 | 2157 (gi) 424 | 2796 eas 
20 2 223 1051 596 291 1443 ~=—- 840 857 1911 1095 430 2505 1385 
4 230 1162 748 298 1597 1064 365 2116 1395 438 2778 1765 
a 6 _|_ 237 _| 1253 $3908 4 307 | 1726 | 1¢38 (9373 | 2287 | fees | 450 | 2984 | age 
30 2 216 1217 632 286 1664 910 367 2183 1190 | 461 2891 1540 
+ 223 1316 792 294 1802 1160 376 2366 1510 474 3110 1920 
if ation 231 1400 952 303 1920 1410 384 2524 1830 485 3299 2340 
50 2 206 1479 689 213 2023 1007 350 2659 1315 435 3548 1665 
4 213 1561 860 281 2139 1291 359 2814 1685 447 3730. be2i35 
HG ii, 221 1631 1031 290 2242 15754) 369 2951 2055 4 461 3893 | 2605 
100 2 } 192 | 1923 gy | 254 | 2644 | 450.) 326 | 3490 | 98701 402 | 4707 Miigag 
4 | 200 | 1984 | 888 | 263 | 2731 | 1346 | 336 | 3606 1760 | 414 | 4842 | 2920 
ere 208 | 2035 | $0642 272 | 2811 11642 | 346 | 3714 § 9150 | 426 | 4968 | 3700 
COMMON VENT CAPACITY 
TYPE B DOUBLE-WALL COMMON VENT DIAMETER - D (inch) 
12 | 14 | 16 18 
COMBINED APPLIANCE INPUT RATING IN THOUSANDS OF BTU PER HOUR 
VENT | | 
HEIGHT FAN _——*FAN NAT FAN FAN NAT FAN FAN NAT FAN FAN NAT 
F is rs +FAN | +NAT +NAT | +FAN | +NAT +NAT +FAN +NAT +NAT +FAN +NAT +NAT 
6 900  —- 696 588 1284 990 815 1735 1336 1065 2253 1732 1345 
8 994 13 652 1423 1103 912 1927 1491 1190 2507 1936 1510 
10 1076 841 712 1542 1200 995 2093 1625 1300 2727 PA Wis) 1645 
15 1247 986 $25. | 1794 1410 1158 2440 1910 1510 3184 2484 1910 
20 1405 | 1116 916 2006 1588 1290 2722 2147 1690 3561 2798 2140 
30 1658 132i, 1025 2373 1892 1525 3220 2558 1990 4197 3326 2520 
50 2024 | 1640 1280 2911 2347 1863 3964 3183 2430 5184 4149 3075 
100 2569 | 2131 1670 3732 3076 2450 5125 4202 3200 6749 l 5509 4050 


For SI units: 1 inch = 25.4 mm, | foot = 304.8 mm, 1000 British thermal units per hour = 0.293 kW, 1 square inch = 0.000645 m2 
* NA: Not applicable. 


170 2022 CALIFORNIA MECHANICAL CODE 


CHIMNEYS AND VENTS 


& TABLE 803.2(1) 
TYPE B DOUBLE-WALL VENT [NFPA 54: TABLE 13.2(a)] (continued)* 
NUMBER OF APPLIANCES: TWO OR MORE 
APPLIANCE TYPE: CATEGORY | 
APPLIANCE VENT CONNECTION: TYPE B DOUBLE-WALL CONNECTOR 
VENT CONNECTOR CAPACITY 
TYPE B DOUBLE-WALL VENT AND CONNECTOR DIAMETER - D (inch) 
20 | 22 24 
APPLIANCE INPUT RATING LIMITS INTHOUSANDS OF BTU PER HOUR 
Seour Coen FAN NAT FAN NAT FAN NAT 
An ile Min Max Max Min Max Max : Min Max Max 
6 2 NA NA NA NA NA NA NA NA NA 
4 NA NA NA NA NA NA NA NA NA 
6 NA NA NA NA NA | NA NA NA NA 
8 2 NA NA NA NA NA NA NA NA NA 
4 471 2737 1800 560 3319 2180 662 3957 2590 
OBhY 478 3018 2180 568 3665 : _ 2640 669 4373 3130 
10 2 NA NA NA NA NA | NA NA NA NA 
4 486 2887 1890 581 3502 2280 686 4175 2710 
6g. 494 3169 2290 589 3849 2760 694 4593 _ 3270 
IS B NA NA NA NA NA NA NA NA NA 
4 528 3197 2060 624 3881 2490 734 4631 2960 
6 533 3470 2510 634 4216 3030 743 _ 5035 _ 3600 
20 2 NA NA NA NA NA _NA NA NA NA 
= 4 554 3447 2180 661 4190 2630 2 5005 3130 
) 68, 567 3708 2650 671 4511 3190 785 592. 3790 
30 2 NA NA NA NA NA NA NA NA NA 
4 619 3840 2365 728 4861 2860 847 5606 3410 
6 632 4080 2875 741 4976 3480 860 5961 4150 
50 2 NA NA NA NA NA NA NA NA NA 
4 580 4601 2633 709 5569 3185 851 6633 3790 
6 — 594 4808 3208 724 5826 3885 867 _ 6943 4620 
100 2 NA NA NA NA NA NA NA NA NA 
4 523 5982 2750 639 7254 +3330 769 8650 3950 
6 539 6143 3350 654 — 7453 4070 786 _ 8892 4810 
COMMON VENT CAPACITY 
TYPE B DOUBLE-WALL COMMON VENT DIAMETER - D (inch) 
20 | 22 24 
COMBINED APPLIANCE INPUT RATING IN THOUSANDS OF BTU PER HOUR 
VENT 
HEIGHT FAN FAN NAT FAN FAN NAT FAN FAN NAT 
H +FAN +NAT +NAT +FAN +NAT +NAT +FAN +NAT +NAT 
(feet) 
6 2838 2180 1660 3488 2677 1970 4206 3226 2390 
8 3162 2439 1860 3890 2998 2200 4695 3616 2680 
10 3444 2665 2030 4241 3278 2400 5123 3957 2920 
15 4026 3133 2360 4971 3862 2790 6016 4670 3400 
20 4548 352 2640 55/3 4352 3120 6749 5261 3800 
30 5303 rfp 4193 3110 6539 p157 3680 7940 6247 4480 
50 6567 © | 5240 3800 8116 6458 4500 9837 7813 5475 
100 8597 6986 5000 10 681 8648 5920 13 004 10 499 7200 
For SI units: 1 inch = 25.4 mm, | foot = 304.8 mm, 1000 British thermal units per hour = 0.293 kW, 1 square inch = 0.000645 m? 
* NA: Not applicable. 
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TABLE 803.2(2) 
TYPE B DOUBLE-WALL VENT [NFPA 54: TABLE 13.2(b)]* 
NUMBER OF APPLIANCES: TWO OR MORE 
APPLIANCE TYPE: CATEGORY | 
APPLIANCE VENT CONNECTION: | SINGLE-WALL METAL CONNECTOR 
VENT CONNECTOR CAPACITY 
SINGLE-WALL METAL VENT CONNECTOR DIAMETER - D (inch) | 
/ 3 | 4 5 ros ie? hie 
APPLIANCE INPUT RATING LIMITS INTHOUSANDS OF BTU PER HOUR 
VENT | CONNECTOR 
Height pice Sd FAN at NAT ‘FAN NAT PANTY NAT FAN : NAT FAN - NAT 
en ea Min Max Max Min Max Max Min Max Max Min Max Max Min Max Max 
fae eee ee 2 4 | : } : 
6 1 NA NA 26 NA NA 46 NA NA ai NA NA 102 207 225 140 
2 NA NA Bl NA | NA 55 NA | NA 85 168 182 123 215 Dail 167 
eae NA | NA 34 | NA | NA Oe 121 | 131 Uoe4 175 | 198 Rega 222 | 273 Gee | 
8 ] NA NA 21 NA NA 48 NA NA is NA NA 106 226 | 240 145 
2 NA NA 32 NA NA 57 125 126 89 184 193 127 234 266 173 
Ue 3° __| NA | NA (a5) NA | NA Ge] 130 | 138 (4G, 191 | 208 Egg) 241 | 287 Gage 
10 1 NA NA 28 NA NA 50 119 121 oi: 182 | 186 110 240 255 150 
2 NA | NA a6 84 85 59 124 134 91 189 | 203 1327, 248 278 183 
3 NA | NA #46] 89 | 91 "967 4) 129 | 144 7aQe] 197 | 217 @3igee) 257 | 299 Beage 
KS | NA NA 29 719 87 52 116 138 81 WATE | 214 116 238 291 158 
2 NA NA 34 83 94 62 el 150 97 185 230 138) 246 | 314 189 
afd 3% | NA | NA 3ge5) 87 | 100 Fag] 127 | 160 (tga 193 | 243 (iaee 255 | 333 fae 
20 1 49 56 30 78 97 54 is} 152) 84 7s: 238 120 233 325 165 
2 52 | 59 @aeee! 82 | 103 OA 120 | 163 Fee 182 | 252 | tage 243 | 346 Bee 
3 55 | 62 @ea 87 | 107 |e 4 125 | 172 eas 190 | 264 (tees! 252 | 363 Meas 
30”) || 1 47 60 31 GL 110 oy 112 FS) 89 169 | 278 129 226 | 380 Ne Bs: 
2 51 62 BF 81 115 67 Lag 185 106 WILT 290 152 236 397 208 
f =| ‘5 54 64 42 85 119 716 12271193 120 | 185 300 172 | 244 oh 412 #235 
50 1 46 69 34 le 128 60 109 | 207 96 162" 336 137) 217 | 460 188 
2, 49 ial 40 719 12) 52 (iat. |) PANS 113 170 | 345 164°) 226 | 473 225 
ieee 3. | 52° | 72 Gage] 83 | 136 Meee 119 | 22] Mage) 178 | 353 aeG) 235 | 486 Gee 
100 1 45 | 79 (fe) 71 | 150 Sage) 104 | 249 BSR] 153 | 424 feiage 205 | 585 Meio 
2 48 | 80 =ege 75 | 153 See 110 | 255 Mate 160 | 428 ieee 212 | 593 fee 
3 51 | 81 Gags) 79 | 157 eS) 114 | 260 Bago) 168 | 433 EQN) 222 | 603 [ees 
COMMON VENT CAPACITY ] 
TYPE B DOUBLE-WALL COMMON VENT DIAMETER - D (inch) 
4 5 | 6 7 
COMBINED APPLIANCE INPUT RATING IN THOUSANDS OF BTU PER HOUR 
VENT 
HEIGHT FAN FAN NAT FAN FAN NAT FAN FAN NAT FAN FAN NAT 
ab +FAN +NAT +NAT +FAN +NAT +NAT +FAN +NAT +NAT +FAN +NAT +NAT 
6 NA 78 64 NA 113 99 | 200 158 144 304 244 196 
8 NA 87 FA NA 126 111 218 173 159 331 269 218 
10 NA 94 76 163 137, 120 DSi, 189 174 Bpii/ 292 236 
15 121 108 88 189 159 140 275 22M 200 416 343 274 
20 131 118 98 208 177 156 305 247 223 463 383 302 
30 145 132 113 236 202 180 350 286 in| Sys! 446 349 
50 159 145 128 268 233 208 406 337 296 622 529 410 
100 166 153 NA 297 263 NA 469 398 NA 726 633 464 


For SI units: 1 inch = 25.4 mm, | foot = 304.8 mm, 1000 British thermal units per hour = 0.293 kW, 1 square inch = 0.000645 m? 


* NA: Not applicable. 
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TABLE 803.2(2) 
TYPE B DOUBLE-WALL VENT [NFPA 54: TABLE 13.2(b)] (continued) 


CHIMNEYS AND VENTS 


NUMBER OF APPLIANCES: TWO OR MORE 
APPLIANCE TYPE: CATEGORY | 
APPLIANCE VENT CONNECTION: SINGLE-WALL METAL CONNECTOR 
VENT CONNECTOR CAPACITY | 
SINGLE-WALL METAL VENT CONNECTOR DIAMETER — D (inch) 
8 | 9 10 
APPLIANCE INPUT RATING LIMITS INTHOUSANDS OF BTU PER HOUR 
VENT CONNECTOR 
HEIGHT RISE FAN NAT FAN NAT FAN NAT 
H R - F ; 
(feet) (feet) Min Max — Min Max Max Min fy Max Max 
6 1 262 293 183 323 373 234 447 | 463 286 
2 271 331 219 334 422 281 458 524 344 
3 279 361 247 [ 344 462 316 468 574 2 SESS 
8 1 285 316 191 S3o2 403 244 481 502 299 
p) 293 358) 228 360 450 292 492 560 355 
3 302 381 256 370 489 328 501 609 400 
10 1 302 335 196 32 429 202 506 534 308 
2 311 369 a5 381 473 302 517 589 368 
3 320 398 265 391 511 339 2808 63 413 
15 ] 312 380 208 397 482 266 556 596 324 
2, 3) 411 248 407 522 317 568 646 387 
3 Soil 438 281 418 557 360 | 579 690 437 
20 1 306 425 PL, 390 538 276 546 664 336 
2 317 453 259 400 574 331 558 709 403 
3 326 476 294 412 607 375 570 750 457 
30 ] 296 497 230 378 630 294 528 779 358 
2 307 521 274 389 662 349 541 819 425 
3 316 542 309 400 690.5 OF . 394 555 855 482 
50 284 604 245 364 768 314 507 951 384 
9) 294 623 293 376 793 375 520 983 458 
3 __304 640 oo) 387 “SiGe 423 | Se IOS 518 
100 1 269 774 249 345 993 321 476 1236 393 
2 279 788 299 358 1011 383 490 1259 469 
3 289 SONS! 339 | 368 OTe 431 506 1280. a2] 
| COMMON VENT CAPACITY 
TYPE B DOUBLE-WALL COMMON VENT DIAMETER - D (inch) 
8 9 10 
COMBINED APPLIANCE INPUT RATING IN THOUSANDS OF BTU PER HOUR 
VENT 
HEIGHT FAN FAN NAT FAN FAN NAT FAN FAN NAT 
H +FAN +NAT +NAT +FAN +NAT +NAT +FAN +NAT +NAT 
(feet) i 
6 398 310 257 541 429 332 665 515 407 
8 436 342 285 592 473 373 730 569 460 
10 467 369 309 638 512 398 787 617 487 
15 544 434 357 738 599 456 905 718 553 
20 606 487 395 824 673 512 1013 808 626 
30 703 570 459 958 790 593 1183 952 723 
50 833 686 535 1139 954 689 1418 Weiy/ 838 
100 | 999 | 846 606 1378 1185 780 1741 1459 948 
For SI units: 1 inch = 25.4 mm, | foot = 304.8 mm, 1000 British thermal units per hour = 0.293 kW, 1 square inch = 0.000645 m2 
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TABLE 803.2(3) 
MASONRY CHIMNEY [NFPA 54: TABLE 13.2(c)]* 


NUMBER OF APPLIANCES: TWO OR MORE 
APPLIANCE TYPE: CATEGORY | 
APPLIANCE VENT CONNECTION: | TYPE B DOUBLE-WALL CONNECTOR 
VENT CONNECTOR CAPACITY 
/ TYPE B DOUBLE-WALL VENT CONNECTOR DIAMETER - D (inch) 
3 4 5 6 7 
APPLIANCE INPUT RATING LIMITS IN THOUSANDS OF BTU PER HOUR 
VENT | CONNECTOR | 
neice naae FAN NAT FAN NAT FAN NAT a _ FAN ms. NAT FAN NAT 
a pe Min Max Max | Min Max max Min Max Max Min Max Max Min Max Max 
6 1 24 33 2 39 62 40 52 106 67 65 194 101 87 274 14] 
2 26 43 28 41 79 52 53 133 85 67 230 124 89 324 173 
3 27 49 34 42 92 61 55 155 97 69 262 143 91 369 203 
8 1 24 39 2 39 V2 4] 55 117 69 7\ 213 105 94 304 148 
2 26 47 29 40 87 55 Sy) 140 Bo 73 246 127 97 350 179 
3 27 | 52 —ogee 42 | 97 Fogg 59 | 159 Qe) 75 | 269° 445 | 99 | 383 Gee 
10 1 24 42 22. +38 80 42 55 130 71 74 232 108 101 324 153 
2 26 50 29 40 93 54 Sy// 153 87 76 261 129 103 366 184 
3 27 55.5 : 35 41 | 105 63 58 170 100 | 78 284 148 106 | 397 — 209 
15 1 24 48 23 38 93 44 54 154 74 9/93 2igh 114 100 | 384 164 
2 25 55 3 39 105 | 35 56 174 89 74 299 134 103 419 192 
4 3 26 59 35 41 | 115 (64 al Sy 189 102 76 319 153 105 | 448 215 
20 1 24 ay? 24 Siy/ 102 46 538° a2 TI 1 313 119 98 437 173 
2 25 58 = 3F 39 114 56 55 190 91 13 555 138 101 467 199 
3 26 63 | 4a 40 123 65 s Sif/ 204 104 75 | 333 157 104 | 493 = 2a2 
30 1 24 54 2% | au 111 48 sy 192 82 69 357 127 96 504-187 
2 25 60 a2 O38 122 58 54 208 95 2 376 145 99 531 | 209 
3 26 64 36 | 40 131 66 56 Pit 107 | 74 | 392 163 | 101 554 32233 : 
50 1 23 51 eas 36 116 51 Sil 209 89 67 405 143 92 582 |aaa3 
2 24 59 32 37 7, 61 53 DDS 102 70 421 161 95 604 = 235 
3 26 64 36 39 Wtt35 oo =5S5 237, 115 72 435 180 98 624 #260 
100 1 23 | 46 24 | 35 | 108 #365) 49 | 208 = 82 | 65 | 428 =155 88 | 640 237 
2 24 | 53 =e 37 | 120 | 6) 51 | 224 =405 | 67 | 444 474 | 92 | 660 = 260 
3 DS 59 35 38 130 68 53 Dai 118 69 458 193 94 | 679 ass 
COMMON VENT CAPACITY 
MINIMUM INTERNAL AREA OF MASONRY CHIMNEY FLUE (square inches) 
12 19 28 38 50 
COMBINED APPLIANCE INPUT RATING IN THOUSANDS OF BTU PER HOUR 
VENT 
HEIGHT | FAN FAN NAT FAN FAN NAT | FAN FAN NAT FAN FAN NAT FAN FAN NAT 
“ us : +FAN | +NAT +NAT | +FAN | +NAT +NAT| +FAN | +NAT +NAT | +FAN | +NAT-~ +NAT | +FAN | +NAT | +NAT 
6 NA 74 25 | NA 119 46 NA 178 71 NA 250) 103 NA 351 143 
8 NA 80 28 NA 130 53 NA 193 82 NA 279 119 NA 384 163 
10 NA 84 31 NA 138 56 NA 207 90 NA 299 131 NA 409 177 
15 NA NA 36 NA 152 67 NA 233 106 NA 334 152 523 467 212 
20 NA NA 41 NA NA aS NA 250 122 NA 368 172 565 508 243 — 
30 NA NA NA NA NA NA NA 270 137 NA 404 198 615 564 278 
50 NA NA NA NA NA NA NA NA NA NA NA NA NA 620 328 
100 | NA | NA __NA| NA | NA_NA| NA | NA__NA| NA | NA __NA | NA | NA | 348 


For SI units: 1 inch = 25.4 mm, | foot = 304.8 mm, 1000 British thermal units per hour = 0.293 kW, 1 square inch = 0.000645 m? 


* NA: Not applicable. 
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TABLE 803.2(3) 
MASONRY CHIMNEY [NFPA 54: TABLE 13.2(c)] (continued)* 


CHIMNEYS AND VENTS 


NUMBER OF APPLIANCES: TWO OR MORE 


APPLIANCE TYPE: CATEGORY | 


APPLIANCE VENT CONNECTION: TYPE B DOUBLE-WALL CONNECTOR 


VENT CONNECTOR CAPACITY 


TYPE B DOUBLE-WALL VENT CONNECTOR DIAMETER - D (inch) 


8 9 10 
APPLIANCE INPUT RATING LIMITS INTHOUSANDS OF BTU PER HOUR 
VENT 
Recut ee ee FAN NAT FAN NAT FAN NAT 
een fete Min Max Max Min Max Max Min Max Max 
6 l 104 370 201 124 479 253 145 599 319 
2 107 436 232 aay 562 300 148 694 378 
ae 3 109 | 491 270 129 633 349 151 795 439 
8 l 113 414 2.0 134 539 267 156 682 335 
2 116 473 240 137 615 311 160 776 394 
3 119 SLi 276 L 139 672 358 163 848 452 
10 1 120 444 216 142 582 277 165 739 348 
2 123 498 247 145 652 321 168 825 407 
5 126 540 281 : 147 705 366 sa 893 463 
15 1 125 511 229 153 658 297 184 824 375 
2 128 558 260 156 718 339 187 900 432 
3 131 597 292 159 760 382 ee 190 960 486 
20 1 123 584 239 150 es? 312 180 943 397 
2 126 625 270 153 805 354 184 1011 452 
3 129 661 30) 156 851_ 396 187 1067 =|) ae 
30 1 119 680 255 145 883 337 175 iis 432 
2 122 715 287 149 928 378 179 1171 484 
3 125 746 3i7 152 968 418 182 1220 535 
50 1 115 798 294 140 1049 392 168 1334 506 
2 118 827 326 143 1085 433 192 1379 558 
3 121 854 357 147 1G ae 474 ero 1421 611 | 
100 1 109 907 334 134 1222 454 161 1589 596 
2 113 933 368 138 1253 497 165 1626 651 
3 116 956 399 141 1282 foete. 169 1661 705 
COMMON VENT CAPACITY | 
MINIMUM INTERNAL AREA OF MASONRY CHIMNEY FLUE (square inches) 
63 | 78 113 | 
COMBINED APPLIANCE INPUT RATING IN THOUSANDS OF BTU PER HOUR 
VENT 
HEIGHT FAN FAN NAT FAN FAN NAT FAN FAN NAT 
H +FAN +NAT +NAT +FAN +NAT +NAT +FAN +NAT +NAT 
(feet) Co . 
6 NA 458 188 NA 582 246 1041 853 NA 
8 NA 501 218. 724 636 278 1144 937 408 
10 606 538 236 776 686 302 1226 1010 454 
15 682 611 283 874 781 365 1374 1156 546 
20 742 668 325 955 858 419 1513 1286 648 
30 816 747 381 1062 969 496 1702 1473 749 
50 879 831 461 1165 1089 606 1905 1692 922 
| 100 NA NA 499 NA NA 5p 669 Lad 2053 1921 p 1058 
For SI units: 1 inch = 25.4 mm, | foot = 304.8 mm, 1000 British thermal units per hour = 0.293 kW, 1 square inch = 0.000645 m2 
* NA: Not applicable. 
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TABLE 803.2(4) 
MASONRY CHIMNEY [NFPA 54: TABLE 13.2(d)]* 
NUMBER OF APPLIANCES: | TWO OR MORE 
APPLIANCE TYPE: | CATEGORY | 
APPLIANCE VENT CONNECTION: | SINGLE-WALL METAL CONNECTOR 
VENT CONNECTOR CAPACITY 2 ; 
SINGLE-WALL METAL VENT CONNECTOR DIAMETER — D (inch) - 
3 4 | 5 6 7 
APPLIANCE INPUT RATING LIMITS IN THOUSANDS OF BTU PER HOUR ~ 
weer Sona | FAN NAT FAN NAT FAN NAT FAN NAT FAN NAT 
faa eae) | Min Max Max Min Max Max Min Max Max Min Max Max Min Max Max 
6 1 | NA NA ot NA NA 39 NA NA 66 179 191 100 231 | 291 140 
Di | NA NA 28 NA NA 52 NA NA 84 186 227 123 239 321 AgzZ 
3 NA | NA _34 | NA | NA __ 61 | 134 | 15397 | 193 | 258 | 142 | 247 | 365 | 202 
8 1 PNA NA Zi | NA NA 40 NA NA 68 195 208 103 250 298 146 
i} | NA NA 28 NA NA s2 13.7") iS 85 202 240 125 258 343 177] 
3 | NA NA 34 NA NA be 143 | 156 98 | 210 264 145 266 | 376 205 | 
10 1 NA NA 22 NA NA 4] 130 151 70 202 225 106 267 316 151 
2 | NA NA 29 NA NA §3 136 150 86 210 255 128 276 358 18] 
3 3 | NA NA 34 s 97 102 62 143 | 166 nea ING Qik 147 | 284 389 2207 | 
15 1 NA NA 25 NA NA 43 129 151 3 199 271 § 42 268 376 161 
2 , NA NA 30 92 103 54 135 170 88 207 295 152 27a \ 4i 189 
| 3. | NA | NA $a) 96 [112 [6a5] 141 | 185 [agi] 215 | 315 Gage 286 | 439 Gaie 
20 l NA NA 23 87 99 45 128 167 716 197 303 117 265 425 169 
2 NA NA 30 9] 111 55 134 | 185 90 | 205 325 156 274 | 455 195 
3 | NA NA 35 96 119 64 | 140 | 199 13. 213 343 154, 282 481 219 
30 ] NA NA 24 86 108 47 126 | 187 80 193 347 124 | 259 492 183 
p NA NA Bl. 91 119 a7 132 203-93 201 366 142 269 518 205 
By NA NA 35 | 95 127 Foe 138 216 105 209 381 160 | 277 540 229 
50 1 | NA | NA 24 85 113 50 124 | 204 87 188 392 139 252 567 ~=—. 208 
2 | NA NA 31 89 123 60 130 218 100 196 408 158 | 262 588 230 
3 NA NA 35 | 94 131 68 a 136 231 112 205 422 16, 271 607 = 255 
100 1 | NA NA Oe. 84 104 49 122 | 200 89 182 410 15} 243 617 23) 
2 | NA NA 30 88 115 59 127 DAs: 102 190 | 425 169, 253 636 | 254" 
5 NA NA 34 | 93 124 . 6/7 133 228 — 115 | 199 | 438 188 | 262 654 = 279 
COMMON VENT CAPACITY 
MINIMUM INTERNAL AREA OF MASONRY CHIMNEY FLUE (square inches) 
12 | 19 28 38 50 
COMBINED APPLIANCE INPUT RATING IN THOUSANDS OF BTU PER HOUR 
VENT 
HEIGHT | FAN | FAN NAT | FAN | FAN NAT | FAN | FAN NAT | FAN | FAN. NAT | FAN | FAN | NAT 
p Ht : +FAN | +NAT +NAT | +FAN | +NAT +NAT | +FAN | +NAT 4NAT | +FAN | +NAT  4NAT | +FAN | +NAT | +NAT 
| ‘cel —_ 1 
6 NA NA 25 NA 118 45 NA 176 71 NA 255 102 NA 348 142 
8 NA NA 28 NA 128 52 NA 190 81 NA 276 118 NA 380 162 
10 NA | NA at NA 136 56 NA 205 89 NA 295 129 NA 405 175 
15 NA | NA 36 NA NA 66 NA 230 105 NA 335 150 NA 400 210 
20 NA NA NA NA NA 74 NA 247 120 NA 362 170 NA 503 240 
30 NA NA NA NA NA NA NA NA 135 NA 398 195 NA 558 275 
50 NA NA NA NA | NA NA NA | NA NA NA NA NA NA 612 325 
100 NA | NA NA NA NA NA NA | NA NA NA NA NA NA | NA NA 


For SI units: 1 inch = 25.4 mm, 1 foot = 304.8 mm, 1000 British thermal units per hour = 0.293 kW, 
* NA: Not applicable. 


1 square inch = 0.000645 m2 
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@ TABLE 803.2(4) 
MASONRY CHIMNEY [NFPA 54: TABLE 13.2(d)] (continued)* 
| NUMBER OF APPLIANCES: TWO OR MORE | 
| APPLIANCE TYPE: CATEGORY | | 
(poaans woes APPLIANCE VENT CONNECTION: SINGLE-WALL METAL CONNECTOR __ ra % 
VENT CONNECTOR CAPACITY | 
SINGLE-WALL METAL VENT CONNECTOR DIAMETER - D (inch) | 
8 | 9 10 
APPLIANCE INPUT RATING LIMITS IN THOUSANDS OF BTU PER HOUR 
MeN each beh FAN eee FAN NAT FAN NAT 
“ey es Min Max Max Min Max Max Min Max Max | 
6 1 292 366 200 362 474 252 499 594 316 
2 301 432 231 373. Siaif/ 299 509 696 376 
3 309 sAgT. 269 381 634 348 519 793 AOL on 
8 1 Bil 407 207 387 530 263 529 672 33] 
2 323 465 238 397 607 309 540 766 391 
3 dod, b> Oo 274 407 | 663 J. 64 551 838 450 
10 1 BBS) 434 213 410 Syl 213 558 IPA 343 
2) 343 489 244 420 ! 640 31] 569 813 403 
3 352 530 aoe 430 | 694 363 | 580 880 459 
(15) 1 349 502 225 445 646 291 623 808 366 | 
D 359 548 256 456 706 334 634 884 424 
3 368 | 586 fame 466 | 755 378 646 945 479 
20 1 345 569 235 439 734 306 614 921 387 
‘§ 2 BD) 610 266 450 787 348 627 986 443 
©) 3 365 | 644 298 461 3 on 391 639 1042 496 | 
30 1 338 665 250 430 864 330 600 1089 421 
2 348 699 282 442 908 372 613 1145 473 
3 358 PLE as She 452 946 a12 3) 626 at 193 524 
50 1 328 778 287 417 1022 383 582 1302 492 
?) 339 806 320 429 1058 425 596 1346 545 
3 349 831 Fed 440 1090. 466 610 1386 597 
100 1 SS) 875 328 402 hve Lissa 444 560 itey3}7/ 580 
2 326 899 361 415 1210 488 SS) 1570 634 
3 337k ODI 392 427 1238 529 589 1604. sR 
COMMON VENT CAPACITY | 
MINIMUM INTERNAL AREA OF MASONRY CHIMNEY FLUE (square inches) | 
63 78 113 
COMBINED APPLIANCE INPUT RATING IN THOUSANDS OF BTU PER HOUR 
VENT 
HEIGHT FAN FAN NAT FAN FAN NAT FAN FAN NAT 
; a s +FAN +NAT +NAT +FAN +NAT +NAT +FAN +NAT +NAT 
6 NA 455 187 NA 579 245 NA 846 NA 
8 NA 497 oF NA 633 211 1136 928 405 
10 NA 53) 234 77\ 680 300 1216 1000 450 
15 677 602 280 866 TI2 360 1359 1139 540 
20 765 661 321 947 849 415 1495 1264 640 
30 808 739 377 1052 957 490 1682 1447 740 
50 NA 821 456 mS 1076 600 1879 1672 910 
100 NA NA 494 NA NA 663 2006 1885 1046 
For SI units: 1 inch = 25.4 mm, | foot = 304.8 mm, 1000 British thermal units per hour = 0.293 kW, | square inch = 0.000645 m? 
©) * NA: Not applicable. 
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TABLE 803.2(5) 
SINGLE-WALL METAL PIPE OR TYPE B ASBESTOS-CEMENT VENT [NFPA 54: TABLE 13.2(e)]* 
| NUMBER OF APPLIANCES: TWO OR MORE 
| APPLIANCE TYPE: DRAFT HOOD-EQUIPMENT 
+s pe. 3 ‘ | APPLIANCE VENT CONNECTION: DIRECT TO PIPE OR VENT 
VENT CONNECTOR CAPACITY 
VENT CONNECTOR DIAMETER - D (inch) 
TOTAL VENT CONNECTOR 3. ~~ | 4 | » 5 a. a0 | Py ae eae 
HEIGHT RISE aa ik ana == =. = ; — = pe = 
H R MAXIMUM APPLIANCE INPUT RATING IN THOUSANDS OF BTU PER HOUR / 
(feet) (feet) | 
| Da 40 68 102 146 205 
6-8 2, 28 53 86 124 178 235 
3 34 61 98 147 t204 ab 275 
l 23 44 Will dL) 179 / 240 
15 2 30 56 92 134 194 265 
3 35 64 102 euss) 4. 216 | __-298 | 
FO 1 25 49 84 129 190 | 270 | 
Sabon 2 Bil 58 97 145 PAA 295 
3 36 68 107 iio). . Ee 321 
COMMON VENT CAPACITY 
COMMON VENT DIAMETER - D (inch) 
TOTAL VENT» 4 e 5 Germans | 7 8 Pf. a HO 12. 
HEIGHT 5 <7 =a ei = 
i ibe 3 COMBINED APPLIANCE INPUT RATING IN THOUSANDS OF BTU PER HOUR 
6 48 78 1 155 205 320 NA / 
8 > 89 128 Ws 234 365 505 | 
10 59 95 | 136 190 250 395 560 
15 Jbl 115 168 228 305 480 690 
20 80 129 | 186 260 340 550 790 
30 NA 147 | Dales 300 400 650 940 
50 NA NA NA 360 490 810 1190. 


For SI units: 1 inch = 25.4 mm, | foot = 304.8 mm, 1000 British thermal units per hour = 0.293 kW, 1 square inch = 0.000645 m? 
* NA: Not applicable. 


TABLE 803.2(6) 
EXTERIOR MASONRY CHIMNEY [NFPA 54: TABLE 13.2(f)]* 


| NUMBER OF APPLIANCES: | TWO OR MORE 
APPLIANCE TYPE: | NAT + NAT 
| APPLIANCE VENT CONNECTION: TYPE B DOUBLE-WALL CONNECTOR 
COMBINED APPLIANCE MAXIMUM INPUT RATING IN THOUSANDS OF BTU PER HOUR 
VENT HEIGHT | INTERNAL AREA OF CHIMNEY (square inches) 
H = zs 6 : 
(feet) 12 19 28 38 50 63 78 113 
6 25 46 71 103 143 188 246 NA 
8 28 53 82 119 163 218 278 408 
10 31 56 90 131 177 236 302 : 454 
15 NA 67 106 152 O12 283 365 546 
20 NA NA NA NA NA 325 419 648 
30 NA NA NA NA NA NA 496 749 
50 NA NA | NA NA NA NA NA 922 
100 NA NA | NA NA NA NA NA NA 


For SI units: 1 inch = 25.4 mm, | foot = 304.8 mm, 1000 British thermal units per hour = 0.293 kW, | square inch = 0.000645 m2 
* NA: Not applicable. 
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oS) TABLE 803.2(7) 
EXTERIOR MASONRY CHIMNEY [NFPA 54: TABLE 13.2(g)]"’2 
NUMBER OF APPLIANCES: | TWO OR MORE 
APPLIANCE TYPE: | NAT + NAT 
| APPLIANCE VENT CONNECTION: | TYPE B DOUBLE-WALL CONNECTOR 
MINIMUM ALLOWABLE INPUT RATING OF SPACE-HEATING APPLIANCE IN THOUSANDS OF BTU PER HOUR 
VENT HEIGHT INTERNAL AREA OF CHIMNEY (square inches) 
faa 12 19 28 38 50 63 78 113 
Local 99% winter design temperature: 37°F or greater 
6 0 0 0 0 0 0 0 NA 
8 0 0 0 0 0 0 0 0 
10 0 0 0 0 0 0 0 0 
15 NA 0 0 0 0 0 0 0 
20 NA NA NA NA NA 184 0 0 
30 NA NA NA NA NA 393 334 0 
50 NA NA NA NA NA NA NA 579 
100 NA NA NA NA NA NA NA NA 
Local 99% winter design temperature: 27°F to 36°F 
6 0 0 68 NA NA 180 $4, NA 
8 0 0 82 NA NA 187 214 263 
10 0 51 NA NA NA 201 2n5 265 
15 NA NA NA NA NA 253 274 305 
20 NA NA NA NA NA 307 330 362 
30 NA NA NA NA NA NA 445 485 
50 NA NA NA NA NA NA NA 763 
“a 100 NA NA NA NA NA NA NA NA 
o) Local 99% winter design temperature: 17°F to 26°F a 
6 NA NA NA NA NA NA NA NA 
8 NA NA NA NA NA NA 264 352 
10 NA NA NA NA NA NA 278 358 
15 NA NA NA NA NA NA 334 398 
20 NA NA NA NA NA NA 387 457 
30 NA NA NA NA NA NA NA 581 
50 NA NA NA NA NA NA NA 862 
100 NA NA NA NA NA NA NA | NA 
Local 99% winter design temperature: 5°F to 16°F 
6 NA NA NA NA NA NA NA NA 
8 NA NA NA NA NA NA NA NA 
10 NA NA NA NA NA NA NA 430 
15 NA NA NA NA NA NA NA 485 
20 NA NA NA NA NA NA NA 547 
30 NA NA NA NA NA NA NA 682 
50 NA NA NA NA NA NA NA NA 
100 NA NA NA NA NA NA NA NA 
Local 99% winter design temperature: 4°F or lower 
Not recommended for any vent configurations 


For SI units: 1 inch = 25.4 mm, | foot = 304.8 mm, 1000 British thermal units per hour = 0.293 kW, 1 square inch = 0.000645 m?, °C = (°F-32)/1.8 
Notes: 

' See Figure 803.1.2(6) for a map showing local 99 percent winter design temperatures in the United States. 

2 NA: Not applicable. 
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TABLE 803.2(8) 
EXTERIOR MASONRY CHIMNEY [NFPA 54: TABLE 13.2(h)]* 


NUMBER OF APPLIANCES: TWO OR MORE 
APPLIANCE TYPE: FAN + NAT 
APPLIANCE VENT CONNECTION: TYPE B DOUBLE-WALL CONNECTOR 
COMBINED APPLIANCE MAXIMUM INPUT RATING IN THOUSANDS OF BTU PER HOUR 
VENT HEIGHT INTERNAL AREA OF CHIMNEY (square inches) 

Be 12 19 28 38 50 63 78 113 

6 74 119 178 Di. 351 458 582 853 

8 80 130 193 279 384 501 636 937 
10 84 138 207 299 409 538 686 1010 
ile NA 52 233 334 467 611 781 1156 
20 NA NA 250 368 508 668 858 1286 
30 NA NA NA 404 564 747 969 1473 
50 NA NA NA NA NA 831 1089 1692 

100 NA NA NA NA NA NA | NA 1921 


For SI units: 1 inch = 25.4 mm, | foot = 304.8 mm, 1000 British thermal units per hour = 0.293 kW, 1 square inch = 0.000645 m? 


* NA: Not applicable. 
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TABLE 803.2(9) 
EXTERIOR MASONRY CHIMNEY [NFPA 54: TABLE 13.2(i)]':2 


NUMBER OF APPLIANCES: TWO OR MORE 
: APPLIANCE TYPE: | FAN + NAT 
. . APPLIANCE VENT CONNECTION: | TYPE B DOUBLE-WALL CONNECTOR 
MINIMUM ALLOWABLE INPUT RATING OF SPACE-HEATING APPLIANCE IN THOUSANDS OF BTU PER HOUR 
VENT HEIGHT INTERNAL AREA OF CHIMNEY (square inches) 
H 
(feet) 12 19 28 38 50 63 78 113 
Local 99% winter design temperature: 37°F or greater 
6 0 0 0 0 0 0 0 0 
8 0 0 0 0 0 0 0 0 
10 0 0 0 0 0 0 0 0 
15 NA 0 0 0 0 0 0 0 
20 NA NA 123 190 249 184 0 0 
30 NA NA NA 334 398 393 334 0 
50 NA NA NA NA NA 714 707 579 
100 NA NA NA NA NA NA NA 1600 
Local 99% winter design temperature: 27°F to 36°F 
6 0 0 68 116 156 180 212 266 
8 0 0 82 127 167 187 214 263 
10 0 51 97 141 183 201 225 265 
15 NA tii 142 183 233 253 274 305 
20 NA NA 187 230 284 307 330 362 
30 NA NA NA 330 319 419 445 485 
50 NA NA NA NA NA 672 705 763 
100 NA NA NA NA NA | NA NA 1554 
Local 99% winter design temperature: 17°F to 26°F 
6 0 eel 99 141 182 Z15 259 349 
8 52 74 111 154 197 226 264 352 
10 NA 90 125 169 214 245 278 358 
15 NA NA 167 ele 263 296 331 398 
20 NA NA 212 258 316 352 387 457 
30 NA NA NA 362 429 470 507 581 
50 NA NA NA NA NA 723 766 862 
100 NA NA NA NA NA NA NA 1669 
Local 99% winter design temperature: 5°F to 16°F 
6 NA 78 121 166 214 252 301 416 
8 NA 94 135 182 230 269 312 423 
10 NA 111 149 198 250 289 331 430 
15 NA NA 193 247 305 346 393 485 
20 NA NA NA 293 360 408 450 547 
30 NA NA NA 377 450 531 580 682 
50 NA NA NA NA NA 797 853 972 
100 NA NA NA NA NA NA NA 1833 
Local 99% winter design temperature: -10°F to 4°F 
6 NA NA 145 196 249 296 349 484 
8 NA NA 159 213 269 320 371 494 
10 NA NA 175 Zi 292 339 397 513 
15 NA NA NA 283 a1 404 457 586 
20 NA NA NA 333 408 468 528 650 
30 NA NA NA NA NA 603 667 805 
50 NA NA NA NA NA NA 955 1003 
100 NA NA NA NA | NA NA NA NA 
Local 99% winter design temperature: -11°F or lower 
Not recommended for any vent configurations 


For SI units: 1 inch = 25.4 mm, 1 foot = 304.8 mm, 1000 British thermal units per hour = 0.293 kW, 1 square inch = 0.000645 m*, °C = (°F-32)/1.8 


Notes: 


' See Figure 803.1.2(6) for a map showing local 99 percent winter design temperatures in the United States. 


2 NA: Not applicable. 
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CHAPTER 9 
INSTALLATION OF SPECIFIC APPLIANCES 


901.0 General. 


901.1 Applicability. This chapter addresses requirements for 
the design, construction, and installation of specific appliances. 
In addition to the requirements of this chapter, appliances shall 
comply with the general requirements of Chapter 3. 


902.0 General. 


902.1 Nonindustrial Appliance. This chapter is applica- 
ble primarily to nonindustrial-type appliances and installa- 
tions and, unless specifically indicated, does not apply to 
industrial-type appliances and installations. Listed appliances 
shall be installed in accordance with their listing and the man- 
ufacturer’s installation instructions or, as elsewhere specified 
in this chapter, as applicable to the appliance. Unlisted appli- 
ances shall be installed as specified in this part as applicable 


| to the appliances. 


902.2 Combustion Air from Bedroom or Bathroom. 
Appliances shall not be installed so their combustion, venti- 
lation, and dilution air are obtained only from a bedroom or 
bathroom unless the bedroom or bathroom has the required 
volume in accordance with Section 701.4. [NFPA 54:10.1.2] 


[OSHPD 1, 1R, 2, 4 & 5] Warm air furnaces shall not be 


installed under openable windows on exterior walls. 


902.3 Added or Converted Appliances. When addi- 
tional or replacement appliances or equipment is installed or 
an appliance is converted to gas from another fuel, the loca- 
tion in which the appliances or equipment is to be operated 
shall be checked to verify the following: 


(1) Air for combustion and ventilation is provided where 
required, in accordance with the provisions of Section 
701.0. Where existing facilities are not adequate, they 
shall be upgraded to meet Section 701.0 specifications. 


(2) The installation components and appliances meet the 
clearances to combustible material provisions of Section 
303.10. It shall be determined that the installation and 
operation of the additional or replacement appliances do 
not render the remaining appliances unsafe for contin- 
ued operation. 


(3) The venting system is constructed and sized in accor- 
dance with the provisions of Section 802.0. Where the 
existing venting system is not adequate, it shall be 
upgraded to comply with Section 802.0. [NFPA 54:9.1.2] 


902.4 Type of Gas(es). The appliance shall be connected to 
the fuel gas for which it was designed. No attempt shall be 
made to convert the appliance from the gas specified on the 
rating plate for use with a different gas without consulting the 


| installation instructions, the serving gas supplier, or the appli- 


ance manufacturer for complete instructions. [NFPA 54:9.1.3] 
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902.5 Safety Shutoff Devices for Unlisted LP-Gas 
Appliances Used Indoors. Unlisted appliances for use 
with undiluted LP-Gases and installed indoors, except 
attended laboratory equipment, shall be equipped with safety 
shutoff devices of the complete shutoff type. [NFPA 54:9.1.4] 


902.6 Fuel Input Rate. The fuel input rate to the appliance 
shall not be increased or decreased in violation of the 
approved rating at the altitude where it is being used. 


902.7 Use of Air or Oxygen Under Pressure. Where air 
or oxygen under pressure is used in connection with the gas 
supply, effective means such as a back pressure regulator and 
relief valve shall be provided to prevent air or oxygen from 
passing back into the gas piping. Where oxygen is used, instal- 
lation shall be in accordance with NFPA 51. [NFPA 54:9.1.5] 


902.8 Building Structural Members. Appliances and 
equipment shall be furnished either with load-distributing 
bases or with a sufficient number of supports to prevent dam- 
age to either the building structure or the appliance and the 
equipment. [NFPA 54:9.1.8.1] 


902.8.1 Structural Capacity. At the locations selected 
for installation of appliances and equipment, the dynamic 
and static load-carrying capacities of the building struc- 
ture shall be checked to determine whether they are ade- 
quate to carry the additional loads. The appliances and 
equipment shall be supported and shall be connected to 
the piping so as not to exert undue stress on the connec- 
tions. [NFPA 54:9.1.8.2] 


902.9 Flammable Vapors. Appliances shall not be 
installed in areas where the open use, handling, or dispensing 
of flammable liquids occurs, unless the design, operation, or 
installation reduces the potential of ignition of the flamma- 
ble vapors. Appliances installed in compliance with Section 
305.1 through Section 305.1.2, Section 303.11, or Section 
303.12 shall be considered to comply with the intent of this 
provision. [NFPA 54:9.1.9] 


902.10 Solid-Fuel Burning Appliances. Unless other- 
wise specified, solid-fuel burning appliances shall be installed 
in accordance with NFPA 211 and the manufacturer’s instal- 
lation instructions. 


902.11 Combination of Appliances and Equipment. 
Any combination of appliances, equipment, attachments, or 
devices used together in any manner shall comply with the 
standards that apply to the individual appliance and equip- 
ment. [NFPA 54:9.1.21] 

902.12 Protection of Gas Appliances from Fumes or 
Gases Other than Products of Combustion. Non- 
direct-vent appliances installed in beauty shops, barber shops, 
or other facilities where chemicals that generate corrosive or 
flammable products such as aerosol sprays are routinely used 


185 


INSTALLATION OF SPECIFIC APPLIANCES 


shall be located in a mechanical room separate or partitioned 
off from other areas with provisions for combustion and dilu- 
tion air from outdoors. Direct vent appliances in such facili- 
ties shall be in accordance with the appliance manufacturer’s 
installation instructions. [NFPA 54:9.1.6.2] 


902.13 Process Air. In addition to air needed for combus- 
tion in commercial or industrial processes, process air shall be 
provided as required for cooling of appliances, equipment, or 
material; for controlling dew point, heating, drying, oxida- 
tion, dilution, safety exhaust, odor control, and air for com- 
pressors; and for comfort and proper working conditions for 
personnel. [NFPA 54:9.1.7] 


902.14 Gas Appliance Pressure Regulators. Where the 
gas supply pressure is higher than that at which the appliance 
is designed to operate or varies beyond the design pressure 
limits of the appliance, a gas appliance pressure regulator 
shall be installed. [NFPA 54:9.1.18] 


902.15 Venting of Gas Appliance Pressure Regula- 
tors. Venting of gas appliance pressure regulators shall com- 
ply with the following requirements: 


(1) Appliance pressure regulators requiring access to the 
atmosphere for successful operation shall be equipped 
with vent piping leading outdoors or, if the regulator vent 
is an integral part of the appliance, into the combustion 
chamber adjacent to a continuous pilot, unless con- 
structed or equipped with a vent limiting means to limit 
the escape of gas from the vent opening in the event of 
diaphragm failure. 


(2) Vent limiting means shall be employed on listed appli- 
ance pressure regulators only. 


(3) In the case of vents leading outdoors, means shall be 
employed to prevent water from entering this piping and 
also to prevent blockage of vents by insects and foreign 
matter. 


(4) Under no circumstances shall a regulator be vented to the 
appliance flue or exhaust system. 


(5) In the case of vents entering the combustion chamber, 
the vent shall be located so the escaping gas is readily 
ignited by the pilot and the heat liberated thereby does 
not adversely affect the normal operation of the safety 
shutoff system. The terminus of the vent shall be securely 
held in a fixed position relative to the pilot. For manu- 
factured gas, the need for a flame arrester in the vent pip- 
ing shall be determined. 


(6) A vent line(s) from an appliance pressure regulator and a 
bleed line(s) from a diaphragm-type valve shall not be con- 
nected to a common manifold terminating in a combustion 
chamber. Vent lines shall not terminate in positive-pres- 
sure-type combustion chambers. [NFPA 54:9.1.19] 


902.16 Bleed Lines for Diaphragm-Type Valves. Bleed 
lines shall comply with the following requirements: 


(1) Diaphragm-type valves shall be equipped to convey 
bleed gas to the outdoors or into the combustion cham- 
ber adjacent to a continuous pilot. 
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(2) In the case of bleed lines leading outdoors, means shall 
be employed to prevent water from entering this piping 
and also to prevent blockage of vents by insects and for- 
eign matter. 


(3) Bleed lines shall not terminate in the appliance flue or 
exhaust system. 


(4) In the case of bleed lines entering the combustion cham- 
ber, the bleed line shall be located so the bleed gas is read- 
ily ignited by the pilot and the heat liberated thereby does 
not adversely affect the normal operation of the safety 
shutoff system. The terminus of the bleed line shall be 
securely held in a fixed position relative to the pilot. For 
manufactured gas, the need for a flame arrester in the 
bleed line piping shall be determined. 


(5) A bleed line(s) from a diaphragm-type valve and a vent 
line(s) from an appliance pressure regulator shall not 
be connected to a common manifold terminating in a 
combustion chamber. Bleed lines shall not terminate in 
positive-pressure-type combustion chambers. [NFPA 
54:9.1.20] 


903.0 Air-Conditioning Appliances. 


903.1 Electric Air Conditioners. Electric air conditioning 
systems designed for permanent installation shall comply 
with UL 1995 or UL 60335-2-40. 


903.2 Gas-Fired Air Conditioners and Heat Pumps. 
Gas-fired air conditioners shall comply with Section 903.2.1 
through Section 903.2.6. 


903.2.1 Independent Gas Piping. Gas piping serv- 
ing heating appliances shall be permitted to also serve 
cooling appliances where heating and cooling appliances 
cannot be operated simultaneously. [NFPA 54:10.2.1] 


903.2.2 Connection of Gas Engine-Powered Air 
Conditioners. To protect against the effects of normal 
vibration in service, gas engines shall not be rigidly con- 
nected to the gas supply piping. [NFPA 54:10.2.2] 


903.2.3 Clearances for Indoor Installation. The 
installation of air-conditioning appliances shall comply 
with the following requirements: 


(1) Listed air-conditioning appliances shall be installed 
with clearances in accordance with the terms of their 
listing and the manufacturer’s installation instruc- 
tions. 


(2) Unlisted air-conditioning appliances shall be installed 
with clearances from combustible material of not less 
than 18 inches (457 mm) above the appliance and at 
the sides, front, and rear and in accordance with the 
manufacturer’s installation instructions. [NFPA 
54:10.2.3(2)] 


(3) Listed and unlisted air-conditioning appliances shall 
be permitted to be installed with reduced clearances 
to combustible material, provided that the com- 
bustible material or appliance is protected as 
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described in Table 303.10.1 and such reduction is 
allowed by the manufacturer’s installation instruc- 
tions. [NFPA 54:10.2.3(3)] 


(4) Where the furnace plenum is adjacent to plaster on 
metal lath or noncombustible material attached to 
combustible material, the clearance shall be meas- 
ured to the surface of the plaster or other noncom- 
bustible finish where the clearance specified is 2 
inches (51 mm) or less. [NFPA 54:10.2.3(4)] 


(5) Listed air-conditioning appliances shall have the 
clearance from supply ducts within 3 feet (914 mm) 
of the furnace plenum be not less than that specified 
from the furnace plenum. No clearance is necessary 
beyond this distance. [NFPA 54:10.2.3(5)] 


903.2.4 Assembly and Installation. Air-condition- 
ing appliances shall be installed in accordance with the 
manufacturer’s installation instructions. Unless the appli- 
ance is listed for installation on a combustible surface, 
such as a floor or roof, or unless the surface is protected 
in an approved manner, it shall be installed on a surface 
of noncombustible construction with noncombustible 
material and surface finish and with no combustible 
material against the underside thereof. [NFPA 54:10.2.4] 


903.2.5 Refrigeration Coils. The installation of 
refrigeration coils shall be in accordance with Section 
904.7 and Section 904.8. [NFPA 54:10.2.6] 


903.2.6 Switches in Electrical Supply Line. Means 
for interrupting the electrical supply to the air-condi- 
tioning appliance and to its associated cooling tower (if 
supplied and installed in a location remote from the air 
conditioner) shall be provided within sight of and not 
over 50 feet (15 240 mm) from the air conditioner and 
the cooling tower. [NFPA 54:10.2.7] 


904.0 Central Heating Boilers and Furnaces. 


904.1 Location. Central heating furnace and low-pressure 
boiler installations in bedrooms or bathrooms shall comply 
with one of the following: 


(1) 


(2) 


Central heating furnaces and low-pressure boilers shall 
be permitted to be installed in a closet located in the bed- 
room or bathroom, provided the closet is equipped with 
a listed, gasketed door assembly, and a listed self-closing 
device. The self-closing door assembly shall comply with 
the requirements of Section 904.1.1. The door assembly 
shall be installed with a threshold and bottom door seal 
and shall comply with the requirements of Section 
904.1.2. Combustion air for such installations shall be 
obtained from the outdoors. The closet shall be for the 
exclusive use of the central heating furnace or low-pres- 
sure boiler. 


Central heating furnaces and low-pressure boilers shall 
be of the direct vent type. 


904.1.1 Self-Closing Doors. Self-closing doors shall 
swing easily and freely, and shall be equipped with a 
self-closing device to cause the door to close and latch 
each time it is opened. The closing mechanism shall not 
have a hold-open feature. 
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904.1.2 Gasketing. Gasketing on gasketed doors or 
frames shall be furnished in accordance with the pub- 
lished listings of the door, frame, or gasketing material 
manufacturer. 


Exception: Where acceptable to the Authority Having 
Jurisdiction, gasketing of noncombustible or limited- 
combustible material shall be permitted to be applied to 
the frame, provided closing and latching of the door are 
not inhibited. 


904.2 Clearance. Central heating furnaces and low-pres- 
sure boilers shall be provided with clearances in accordance 
with Section 904.2.1 through Section 904.2.7. 


904.2.1 Listed Units. Listed central heating furnaces 
and low-pressure boilers shall be installed with clear- 
ances in accordance with the terms of their listings and 
the manufacturer’s installation instructions. 


904.2.2 Unlisted Units. Unlisted central heating fur- 
naces and low-pressure boilers shall be installed with 
clearances from combustible material not less than those 
specified in Table 904.2.2. [NFPA 54:10.3.2.2] 


904.2.3 Listed and Unlisted Units. Listed and 
unlisted central heating furnaces and low-pressure boil- 
ers shall be permitted to be installed with reduced clear- 
ances to combustible material, provided that the 
combustible material or appliance is protected as 
described in Table 303.10.1 and Figure 303.10.1(1) 
through Figure 303.10.1(3), and such reduction is 
allowed by the manufacturer’s installation instructions. 
[NFPA 54:10.3.2.3] 


904.2.4 Front Clearance. Front clearance shall be suf- 
ficient for servicing the burner and the furnace or boiler. 
[NFPA 54:10.3.2.4] 


904.2.5 Adjacent to Plaster or Noncombustible 
Materials. Where the furnace plenum is adjacent to 
plaster on metal lath or noncombustible material attached 
to combustible material, the clearance shall be measured 
to the surface of the plaster or other noncombustible fin- 
ish where the clearance specified is 2 inches (51 mm) or 
less. [NFPA 54:10.3.2.5] 


904.2.6 Interference. The clearances to these appli- 
ances shall not interfere with combustion air, draft hood 
clearance and relief, and accessibility for servicing. 
[NFPA 54:10.3.2.6] 


904.2.7 Central Heating Furnaces. Central heating 
furnaces other than those listed in Section 603.13.2 or 
Section 603.13.3 shall have clearances from the supply 
ducts of not less than 18 inches (457 mm) from the fur- 
nace plenum for the first 3 feet (914 mm), then 6 inches 
(152 mm) for the next 3 feet (914 mm) and 1 inch (25.4 
mm) beyond 6 feet (1829 mm). [NFPA 54:10.3.2.9] 


904.3 Assembly and Installation. A central heating 
boiler or furnace shall be installed in accordance with the 
manufacturer’s instructions in one of the following manners: 


(1) On a floor of noncombustible construction with non- 


combustible flooring and surface finish and with no com- 
bustible material against the underside thereof. 
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(2) On fire-resistive slabs or arches having no combustible 
material against the underside thereof. 


Exceptions: 
(1) Appliances listed for installation on a combustible floor. 


(2) Installation on a floor protected in an approved manner. 
[NFPA 54:10.3.3] 


904.3.1 Under-Floor Installation. Furnaces installed 
in an under-floor area of the building shall be in accor- 
dance with the Section 904.3.1.1 through Section 
904.3.1.3. 


904.3.1.1 Supported by Ground. Where a fur- 
nace 1s supported by the ground, it shall be installed 
on a concrete slab not less than 3 inches (76 mm) 
above the adjoining ground level. 


904.3.1.2 Supported from Above. Where a fur- 
nace is supported from above, a clearance of not less 
than 6 inches (152 mm) shall be provided from fin- 
ished grade. 


904.3.1.3 Excavation. Where excavation is nec- 
essary to install a furnace, it shall be installed in 
accordance with Section 303.11. 


904.4 Temperature or Pressure Limiting Devices. 
Steam and hot water boilers, respectively, shall be provided 
with approved automatic limiting devices for shutting down 
the burner(s) to prevent boiler steam pressure or boiler water 
temperature from exceeding the maximum allowable working 
pressure or temperature. Safety limit controls shall not be 
used as operating controls. [NFPA 54:10.3.4] 


904.5 Low-Water Cutoff. All water boilers and steam boil- 
ers shall be provided with an automatic means to shut off the 
fuel supply to the burner(s) if the boiler water level drops 
below the lowest safe water line. In lieu of the low-water cut- 
off, water tube or coil-type boilers that require forced circu- 
lation to prevent overheating and failure shall have an 


approved flow sensing device arranged to shut down the 
boiler when the flow rate is inadequate to protect the boiler 
against overheating. [NFPA 54:10.3.5] 


904.6 Steam Safety and Pressure Relief Valves. Steam 
and hot water boilers shall be equipped, respectively, with 
listed or approved steam safety or pressure relief valves of 
appropriate discharge capacity and conforming with ASME 
requirements. A shutoff valve shall not be placed between the 
relief valve and the boiler or on discharge pipes between such 
valves and the atmosphere. [NFPA 54:10.3.6] 


904.6.1 Discharge. Relief valves shall be piped to dis- 
charge near the floor. [NFPA 54:10.3.6.1] 


904.6.2 Size. The entire discharged piping shall be at 
least the same size as the relief valve discharge piping. 
[NFPA 54:10.3.6.2] 


904.6.3 End Connections. Discharge piping shall not 


contain threaded end connection at its termination point. | 


[NFPA 54:10.3.6.3] 


904.7 Refrigeration Coils. The installation of refrigera- << 


tion coils shall comply with the following requirements: 


(1) A refrigeration coil shall not be installed in conjunction 
with a forced air furnace where circulation of cooled air 
is provided by the furnace blower, unless the blower has 


sufficient capacity to overcome the external static pres- | 


sure resistance imposed by the duct system and refriger- 
ation coil at the air flow rate for heating or cooling, 
whichever is greater. 


(2) Furnaces shall not be located upstream from refrigera- 
tion coils, unless the refrigeration coil is designed or 
equipped so as not to develop excessive temperature or 
pressure. 


(3) Refrigeration coils shall be installed in parallel with or on 
the downstream side of central furnaces to avoid con- 
densaticn in the heating element, unless the furnace has 


TABLE 904.2.2 
CLEARANCES TO COMBUSTIBLE MATERIAL FOR UNLISTED FURNACES AND BOILERS* 
[NFPA 54: TABLE 10.3.2.2] 


ONE earl tng Ay wr! meBheyorlng ere ages Ha a 2 MINIMUM CLEARANCE th 
(inches) 
| | ABOVE AND TOP OF JACKET DRAFT HOOD AND | SINGLE-WALL 
APPLIANCE SIDES OF FUR- BOILER SIDES AND FRONT BAROMETRIC VENT 
\ nn Gok oe — a rr : NACE PLENUM REAR DRAFT REGULATOR CONNECTOR 
| 1. Automatically fired, forced air or gravity) 
system, equipped with temperature limit) 6 _ 6 18 6 18 
| control that cannot be set higher than 250°F. 
2. Automatically fired heating boilers — steam | 
| boilers operating at not over 15 pounds- 
ee ria P 6 6 6 18 18 18 
force per square inch (psi) and hot water 
| boilers operating at 250°F or less. | 
bab tn seas ceee oe bet eee ot eee 7 aed + 
|3.Central heating boilers and furnaces, other} 
| 18 18 18 18 18 18 
/ than in | or 2. } F 


For SI units: 1 inch = 25.4 mm, °C = (°F-32)/1.8, | pound-force per square inch = 6.8947 kPa 
* See Section 904.1 for additional requirements for central heating boilers and furnaces. 


188 


2022 CALIFORNIA MECHANICAL CODE 


p 


: A 


\ 
) 


been specifically listed for downstream installation. With 
a parallel flow arrangement, the dampers or other means 
used to control flow of air shall be sufficiently tight to 
prevent any circulation of cooled air through the furnace. 
(4) Means shall be provided for disposal of condensate and 


to prevent dripping of condensate on the heating element. 
[NFPA 54:10.3.8] 


> 904.8 Cooling Units Used with Heating Boilers. Boil- 


ers, where used in conjunction with refrigeration systems, 
shall be installed so that the chilled medium is piped in par- 
allel with the heating boiler with appropriate valves to pre- 
vent the chilled medium from entering the heating boiler. 
[NFPA 54:10.3.9.1] 


»» 904.8.1 Exposed to Refrigerated Air Circulation. 


Where hot water heating boilers are connected to heating 
coils located in air-handling units where they can be 
exposed to refrigerated air circulation, such boiler piping 
systems shall be equipped with flow control valves or 
other automatic means to prevent gravity circulation of the 
boiler water during the cooling cycle. [NFPA 54:10.3.9.2] 


)»» 904.9 Furnace (Upright and Horizontal). Upright fur- 


naces shall be permitted to be installed in an attic, furred, or 
under-floor space exceeding 5 feet (1524 mm) in height, pro- 
vided the required listings and furnace and duct clearances 
are observed. Horizontal furnaces shall be permitted to be 
installed in an attic, furred, or under-floor space, provided the 
required listings and furnace and duct clearances are 
observed. 


> 904.10 Solid-Fuel-Fired Furnaces. Factory-built solid- 


fuel-fired furnaces shall comply with UL 391 and shall be 
installed in accordance with the manufacturer’s installation 
instructions. 


> 904.11 Oil-Fired Central Furnaces. Oil-fired central fur- 


naces shall comply with UL 727 and shall be installed in 
accordance with the manufacturer’s installation instructions. 


y»> 904.12 Commercial or Industrial Gas Heaters. Com- 


mercial or industrial gas-fired heaters shall comply with UL 
795 and shall be installed in accordance with the manufac- 
turer’s installation instructions. 


> 904.13 Electric Central Furnaces. Electric central heat- 


| ing furnaces shall comply with UL 1995 or UL 60335-2-40 
and shall be installed in accordance with the manufacturer’s 
installation instructions. 


905.0 Duct Furnaces. 


905.1 Clearances. The installation of duct furnaces shall 
comply with the following clearance requirements: 


(1) Listed duct furnaces shall be installed with clearances of 
not less than 6 inches (152 mm) between adjacent walls, 
ceilings, and floors of combustible material and the fur- 
nace draft hood. Furnaces listed for installation at lesser 
clearances shall be installed in accordance with their list- 
ings and the manufacturer’s installation instructions. In 
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no case shall the clearance be such as to interfere with 
combustion air and accessibility. 


(2) Unlisted duct furnaces shall be installed with clearances 
to combustible material in accordance with the clear- 
ances specified for unlisted furnaces and boilers in Table 
904.2.2. Combustible floors under unlisted duct furnaces 
shall be protected in an approved manner. 


905.2 Installation of Duct Furnaces. Duct furnaces shall 
be installed in accordance with the manufacturer’s instruc- | 
tions. [NFPA 54:10.10.2] 


905.3 Access Panels. The ducts connected to duct fur- 
naces shall have removable access panels on both the 
upstream and downstream sides of the furnace. [NFPA 
54:10.10.3] 


905.4 Location of Draft Hoods and Controls. The con- 
trols, combustion air inlet, and draft hoods for duct furnaces 
shall be located outside the ducts. The draft hood shall be 
located in the same enclosure from which combustion air is 
taken. [NFPA 54:10.10.4] 


905.5 Circulating Air. Where a duct furnace is installed so 
that supply ducts carry air circulated by the furnace to areas 
outside the space containing the furnace, the return air shall 
also be handled by a duct(s) sealed to the furnace casing and 
terminating outside the space containing the furnace. The duct 
furnace shall be installed on the positive-pressure side of the 
circulating air blower. [NFPA 54:10.10.5] 


905.6 Duct Furnaces Used with Refrigeration Sys- 
tems. A duct furnace shall not be installed in conjunction 
with a refrigeration coil where circulation of cooled air is pro- 
vided by the blower. 


Exception: Where the blower has sufficient capacity to over- 
come the external static resistance imposed by the duct sys- 
tem, furnace, and the cooling coil and the air throughput 
necessary for heating or cooling, whichever is greater. [NFPA 
54:10.10.6.1] 


905.6.1 In Conjunction with Cooling Appliances. 
Duct furnaces used in conjunction with cooling appli- 
ances shall be installed in parallel with or on the 
upstream side of cooling coils to avoid condensation 
within heating elements. With a parallel flow arrange- 
ment, the dampers or other means used to control the 
flow of air shall be sufficiently tight to prevent any cir- 
culation of cooled air through the unit. 


Exception: Where the duct furnace has been specifically 
listed for downstream installation. [NFPA 54:10.10.6.2] 


905.6.2 Located Upstream from Cooling Coils. 
Where duct furnaces are to be located upstream from 
cooling units, the cooling unit shall be so designed or 
equipped as to not develop excessive temperatures or 
pressures. [NFPA 54:10.10.6.3] 


905.6.3 Heat Exchangers. Where a duct furnace is 
installed downstream of an evaporative cooler or air 
washer, the heat exchanger shall be constructed of corro- 
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sion-resistant materials. Stainless steel, ceramic-coated 
steel, and an aluminum-coated steel in which the bond 
between the steel and the aluminum is an iron-aluminum 
alloy are considered to be corrosion resistant. Air wash- 
ers operating with chilled water that deliver air below the 
dew point of the ambient air at the duct furnace shall be 
considered as refrigeration systems. [NFPA 54:10.10.6.4] 


905.7 Installation in Commercial Garages and Air- 
craft Hangars. Duct furnaces installed in garages for more 
than three motor vehicles or in aircraft hangars shall be of a 
listed type and shall be installed in accordance with Section 
303.11 and Section 303.12. [NFPA 54:10.10.7] 


905.8 Electric Duct Heaters. Electric duct heaters installed 
within an air duct shall be listed and labeled in accordance with 
UL 1996 and designed for the maximum air temperature. The 
duct heater and fan shall be interlocked such that the electric 
duct heater operates when the fan is operating. 


905.8.1 Installation. Duct heaters shall be installed in 
accordance with the manufacturer’s installation instruc- 
tions, and shall not create a hazard to persons or prop- 
erty. Where installed 4 feet (1219 mm) or less from a 
heat pump or air conditioner, the duct heater shall be 
listed for such installation. 


905.8.2 Clearance. A working space clearance shall 
be maintained to permit replacement of controls and 
heating elements and for adjusting and cleaning of con- 
trols. The working space for energized equipment shall 
comply with the California Electrical Code. 


906.0 Floor Furnaces. 


906.1 Installation. The installation of floor furnaces shall 
comply with the following requirements: 


(1) Listed floor furnaces shall be installed in accordance with 
their listing and the manufacturer’s installation instructions. 


(2) Unlisted floor furnaces shall not be installed on com- 
bustible floors. 


(3) Thermostats controlling floor furnaces shall not be 
located in a room or space that is capable of being sepa- 
rated from the room or space in which the register of the 
floor furnace is located. 


906.2 Temperature Limit Controls. Floor furnaces shall 
be provided with temperature limit controls in accordance 
with the following requirements: 


(1) Listed automatically operated floor furnaces shall be 
equipped with temperature limit controls. [NFPA 
54:10.11.2.1] 


(2) Unlisted automatically operated floor furnaces shall be 
equipped with a temperature limit control arranged to 
shut off the flow of gas to the burner in the event the tem- 
perature at the warm air outlet register exceeds 350°F 
(177°C) above room temperature. [NFPA 54:10.11.2.2] 


906.3 Combustion and Circulating Air. Combustion and 
circulating air shall be provided in accordance with Section 
701.0. [NFPA 54:10.11.3] 
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906.4 Placement. The following provisions apply to fur- 
naces that serve one story: 


(1) Floors. Floor furnaces shall not be installed in the floor 
of any doorway, stairway landing, aisle, or passageway 
of any enclosure, public or private, or in an exitway from 
any such room or space. 


(2) Walls and Corners. The register of a floor furnace with a 
horizontal warm air outlet shall not be placed closer than 
6 inches (152 mm) from the nearest wall. A distance of at 
least 18 inches (457 mm) from two adjoining sides of the 
floor furnace register to walls shall be provided to elimi- 
nate the necessity of occupants walking over the warm air 
discharge. The remaining sides shall be a minimum of 6 
inches (152 mm) from a wall. Wall register models shall 
not be placed closer than 6 inches (152 mm) to a corner. 


(3) Draperies. The furnace shall be placed so that a door, 
drapery, or similar object cannot be nearer than 12 inches 
(305 mm) to any portion of the register of the furnace. 
[NFPA 54:10.11.4] 


906.5 Bracing. The space provided for the furnace shall be 
framed with doubled joists and with headers not lighter than 
the joists. [NFPA 54:10.11.5] 


906.6 Support. Means shall be provided to support the fur- 
nace when the floor register is removed. [NFPA 54:10.11.6] 


906.7 Clearance. The lowest portion of the floor furnace 
shall have at least a 6 inch (152 mm) clearance from the gen- 
eral ground level. A reduced clearance to a minimum of 2 
inches (51 mm) shall be permitted, provided the lower 6 
inches (152 mm) portion of the floor furnace is sealed by the 
manufacturer to prevent entrance of water. Where these clear- 
ances are not present, the ground below and to the sides shall 
be excavated to form a “basin-like” pit under the furnace so 
that the required clearance is provided beneath the lowest por- 
tion of the furnace. A 12 inch (305 mm) clearance shail be 
provided on all sides except the control side, which shall have ] 
an 18 inch (457 mm) clearance. [NFPA 54:10.11.7] 


906.8 Access. The space in which any floor furnace is | 
installed shall be accessible by an opening in the foundation 
not less than 24 inches by 18 inches (610 mm by 457 mm) or 
by a trapdoor not less than 24 inches by 24 inches (610 mm 
by 610 mm) in any cross-section thereof, and a passageway | 
not less than 24 inches by 18 inches (610 mm by 457 mm) in 
any cross-section thereof. [NFPA 54:10.11.8] | 


906.9 Seepage Pan. Where the excavation exceeds 12 
inches (305 mm) in depth or water seepage is likely to collect, 
a watertight copper pan, concrete pit, or other suitable mate- | 
rial shall be used, unless adequate drainage is provided or the 
appliance is sealed by the manufacturer to meet this condi- 
tion. A copper pan shall be made of not less than 16 ounces 
per square foot (0z/ft*) (4.9 kg/m?) sheet copper. The pan shall 
be anchored in place so as to prevent floating, and the walls 
shall extend at least 4 inches (102 mm) above the ground level 
with at least a 6 inches (152 mm) clearance on all sides, 
except on the control side, which shall have at least an 18 inch 
(457 mm) clearance. [NFPA 54:10.11.9] 
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906.10 Wind Protection. Floor furnaces shall be protected, 
where necessary, against severe wind conditions. [NFPA 
54:10.11.10] 


906.11 Upper Floor Installations. Listed floor furnaces 
shall be permitted to be installed in an upper floor, provided 
the furnace assembly projects below into a utility room, 
closet, garage, or similar nonhabitable space. In such instal- 
lations, the floor furnace shall be enclosed completely 
(entirely separated from the nonhabitable space) with means 
for air intake to meet the provisions of Section 701.0, with 
access for servicing, minimum furnace clearances of 6 inches 
(152 mm) to all sides and bottom, and with the enclosure con- 
structed of Portland cement plaster or metal lath or other non- 
combustible material. [NFPA 54:10.11.11] 


906.12 First Floor Installation. Listed floor furnaces 
installed in the first or ground floors of buildings shall not be 
required to be enclosed unless the basements of these build- 
ings have been converted to apartments or sleeping quarters, 
in which case the floor furnace shall be enclosed as specified 
for upper floor installations and shall project into a nonhab- 
itable space. [NFPA 54:10.11.12] 


906.13 Oil-Fired Floor Furnaces. Oil-fired floor furnaces 
shall comply with UL 729 and installed in accordance with 
the manufacturer’s installation instructions. 


907.0 Wall Furnaces. 


907.1 Installation. Listed wall furnaces shall be installed in 
accordance with their listings and the manufacturer’s instal- 
lation instructions. Wall furnaces installed in or attached to 
combustible material shall be listed for such installation. 


907.1.1 Unlisted Wall Furnaces. Unlisted wall fur- 
naces shall not be installed in or attached to combustible 
material. [NFPA 54:10.26.1.2] 


907.1.2 Vented Wall Furnaces. Vented wall furnaces 
connected to a Type B-W gas vent system listed only for 
a single story shall be installed only in single-story build- 
ings or the top story of multistory buildings. Vented wall 
furnaces connected to a Type B-W gas vent system listed 
for installation in multistory buildings shall be permitted 
to be installed in single-story or multistory buildings. 
Type B-W gas vents shall be attached directly to a solid 
header plate that serves as a firestop at that point and that 
shall be permitted to be an integral part of the vented wall 
furnace, as illustrated in Figure 907.1.2. The stud space 
in which the vented wall furnace is installed shall be ven- 
tilated at the first ceiling level by installation of the ceil- 
ing plate spacers furnished with the gas vent. Firestop 
spacers shall be installed at each subsequent ceiling or 
floor level penetrated by the vent. [NFPA 54:10.26.1.3] 


907.1.3 Direct Vent Wall Furnaces. Direct vent wall 
furnaces shall be installed with the vent air intake termi- 
nal in the outdoors. The thickness of the walls on which 
the furnace is mounted shall be within the range of wall 
thickness marked on the furnace and covered in the man- 
ufacturer’s installation instructions. [NFPA 54:10.26.1.4] 
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Installation of B-W gas 
vent for each subsequent 
ceiling or floor level of 


Fire stop spacers supplied 
by manufacturer of B-W 
gas vent 


multistory buildings 
Plate cut away to provide 
: haba a of B-W gas vent 


spacer securely 


Installation of B-W gas 
vent for single-story 
buildings or for first-floor 


of multistory buildings Ceiling plate spacers to center 


B-W gas vent in stud space — 
nail securely at both ends 
/ 


Plate cut away for full width of 
stud space to provide ventilation 


<——. Studs on 16 inch 


Header plate of centers 


vented wall furnace 


(also acts as fire stop) Sheet meta! screw 


.. base plate to header 
Use manufacturer's 


method of fastening 
pipe to base plate 


For SI units: 1 inch = 25.4 mm 


FIGURE 907.1.2 
INSTALLATION OF TYPE B-W GAS VENTS FOR 
VENTED WALL FURNACES 
[NFPA 54: FIGURE 10.26.1.3] 


907.1.4 Panels, Grilles, and Access Doors. Panels, 
grilles, and access doors that are required to be removed 
for normal servicing operations shall not be attached to 
the building. For additional information on the venting of 
wall furnaces, see Section 802.0. [NFPA 54:10.26.1.5] 


907.2 Location. Wall furnaces shall be located so as not to 
cause a hazard to walls, floors, curtains, furniture, or doors. 
Wall furnaces installed between bathrooms and adjoining 
rooms shall not circulate air from bathrooms to other parts of 
the building. [NFPA 54:10.26.2] 


907.3 Combustion and Circulating Air. Combustion and 
circulating air shall be provided in accordance with Section 
701.0. [NFPA 54:10.26.3] 

907.4 Oil-Fired Wall Furnaces. Oil-fired wall furnaces 
shall comply with UL 730 and installed in accordance with 
the manufacturer’s installation instructions. 


908.0 Clothes Dryers. 


908.1 Electric Clothes Dryers. Commercial electric 
clothes dryers shall comply with UL 1240 and installed in 
accordance with the manufacturer’s installation instructions. 
Residential and coin-operated electric clothes dryers shall 
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comply with UL 2158 and installed in accordance with the 
manufacturer’s installation instructions. 


908.2 Gas-Fired Clothes Dryers. Gas-fired clothes dry- 
ers shall comply with Section 908.2.1 through Section 
908.2.3. 


908.2.1 Clearance. The installation of clothes dryers 
shall comply with the following requirements: 


(1) Listed Type | clothes dryers shall be installed with 
a clearance of not less than 6 inches (152 mm) from 
adjacent combustible material. Clothes dryers listed 
for installation at reduced clearances shall be 
installed in accordance with their listing and the 
manufacturer’s installation instructions. Type 1 
clothes dryers installed in closets shall be listed for 
such installation. 


(2) Listed Type 2 clothes dryers shall be installed with 
clearances of not less than that shown on the mark- 
ing plate and in the manufacturer’s instructions. 
Type 2 clothes dryers designed and marked, “For 
use only in noncombustible locations,” shall not be 
installed elsewhere. 


(3) Unlisted clothes dryers shall be installed with clear- 
ances to combustible material of not less than 18 
inches (457 mm). Combustible floors under unlisted 
clothes dryers shall be protected in an approved 
manner. 


908.2.2 Exhausting to the Outdoors. Type | and 
Type 2 clothes dryers shall be exhausted to the outside air 
in accordance with Section 504.4. 


908.2.3 Multiple-Family or Public Use. All clothes 
dryers installed for multiple-family or public use shall be 
equipped with approved safety shutoff devices and shall be 
installed as specified for a Type 2 clothes dryer under Sec- 
tion 504.4.3.1. [NFPA 54:10.4.6] 


909.0 Conversion Burners. 


909.1 General. Installation of conversion burners shall con- 
form to CSA Z21.8. [NFPA 54:10.5] 


910.0 Burner Assemblies. 


910.1 Oil Burners. Oil burners shall comply with UL 296 
and installed in accordance with the manufacturer’s installa- 
tion instructions. 


910.2 Gas Burners. Commercial gas burners shall comply 
with UL 295 and installed in accordance with the manufac- 
turer’s installation instructions. 


911.0 Decorative Appliances for Installation in 
Vented Fireplaces. 


911.1 Prohibited Installations. Decorative appliances for 
installation in vented fireplaces shall not be installed in bath- 
rooms or bedrooms unless the appliance is listed and the bed- 
room or bathroom has the required volume in accordance 
with Section 701.4. [NFPA 54:10.6.1] [OSHPD 1, 1R, 2,4 & 
5] A vented decorative appliance shall not be located in any 
hospital, skilled nursing facility, intermediate care facility, or 
correctional treatment center. 
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911.2 Installation. A decorative appliance for installation 
in a vented fireplace shall be installed only in a vented fire- 
place having a working chimney flue and constructed of non- 
combustible materials. These appliances shall not be 
thermostatically controlled. [NFPA 54:10.6.2] 


911.2.1 Listed Decorative Appliance. A listed dec- 
orative appliance for installation in a vented fireplace 
shall be installed in accordance with its listing and the 
manufacturer’s installation instructions. 


911.2.2 Reserved. 


911.2.3 Unlisted Decorative Appliance. An unlisted 
decorative appliance for installation in a vented fireplace 
shall be installed in a fireplace having a permanent free 
opening, based on appliance input rating and chimney 
height, equal to or greater than that specified in Table 
911.2. [NFPA 54:10.6.2.3] 


911.3 Fireplace Screens. A fireplace screen shall be 
installed with a decorative appliance for installation in a 
vented fireplace. [NFPA 54:10.6.3] 


912.0 Gas Fireplaces, Vented. 
912.1 Reserved. 


912.2 Installation. The installation of vented gas fireplaces 
shall comply with the following requirements: 


(1) [HCD 1 & HCD 2] Any newly installed gas fireplace shall 
be a direct-vent sealed-combustion type. 


(2) Listed vented gas fireplaces shall be installed in accor- 
dance with their listing and the manufacturer’s installa- 
tion instructions and where installed in or attached to 
combustible material shall be specifically listed for such 
installation. 


(3) Unlisted vented gas fireplaces shall not be installed in or 
attached to combustible material. They shall have a clear- 
ance at the sides and rear of not less than 18 inches (457 
mm). Combustible floors under unlisted vented gas fire- 
places shall be protected in an approved manner. 
Unlisted appliances of other than the direct vent type 
shall be equipped with a draft hood and shall be vented 
in accordance with Section 802.0. Appliances that use 
metal, asbestos, or ceramic material to direct radiation to 
the front of the appliance shall have a clearance of 36 
inches (914 mm) in front and, where constructed with a 
double back of metal or ceramic, shall be installed with 
a clearance of not less than 18 inches (457 mm) at the 
sides and 12 inches (305 mm) at the rear. 


(4) Panels, grilles, and access doors that are required to be 
removed for normal servicing operations shall not be 
attached to the building. 

(5) Direct vent gas fireplaces shall be installed with the vent- 
air intake terminal in the outdoors and in accordance with 
the manufacturer’s installation instructions. 

912.3 Combustion and Circulating Air. Combustion and 


circulating air shall be provided in accordance with Section 
701.0. [NFPA 54:10.7.3] 
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913.0 Factory-Built Fireplaces and Fireplace Stoves. 


913.1 Factory-Built Fireplaces. Factory-built fireplaces 
shall comply with UL 127 and installed in accordance with 
the manufacturer’s installation instructions. 


913.1.1 Gasketed Fireplace Doors. A gasketed fire- 
place door shall not be installed on a factory-built fire- 
place, except where the fireplace system has been tested 
in accordance with UL 127. 


913.2 Fireplace Stoves. Fireplace stoves shall comply 
with UL 737 and installed in accordance with the manufac- 
turer’s installation instructions. 


913.3 Fireplace Accessories. Heat exchangers, glass 
doors assemblies, combustion air vents, and termination caps 
shall comply with UL 907 and installed in accordance with 
the manufacturer’s installation instructions. 


914.0 Non-Recirculating Direct Gas-Fired Industrial 
Air Heaters. 


914.1 Application. Direct gas-fired industrial air heaters of 
the non-recirculating type shall be listed in accordance with 
CSA Z83.4. [NFPA 54:10.8.1] 


914.2 Prohibited Installations. Non-recirculating direct 
gas-fired industrial air heaters shall not serve any area con- 
taining sleeping quarters. Non-recirculating direct gas-fired 
industrial air heaters shall not recirculate room air. [NFPA 
54:10.8.2.1, 10.8.2.2] 


914.3 Installation. Non-recirculating direct gas-fired indus- 
trial air heaters shall be installed in accordance with the man- 
ufacturer’s instructions. [NFPA 54:10.8.3.1] 


914.3.1 Fresh Air Ventilation. Non-recirculating 
direct gas-fired industrial air heaters shall be permitted to 
provide fresh air ventilation. [NFPA 54:10.8.3.2] 


914.3.2 Access Required. Non-recirculating direct 
gas-fired industrial air heaters shall be provided with 
access for removal of burners; for replacement of motors, 
controls, filters, and other working parts; and for adjust- 
ment and lubrication of parts requiring maintenance. 
[NFPA 54:10.8.3.3] 
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914.4 Clearance from Combustible Materials. Non- 
recirculating direct gas-fired industrial air heaters shall be 
installed with a clearance from combustible materials of not 
less than that shown on the rating plate and the manufac- 
turer’s instructions. [NFPA 54:10.8.4] 


914.5 Air Supply. All air to the non-recirculating direct gas- 
fired industrial air heater shall be ducted directly from out- 
doors. Where outdoor air dampers or closing louvers are used, 
they shall be verified to be in the open position prior to main 
burner operation. [NFPA 54:10.8.5] 


914.6 Atmospheric Vents, Gas Reliefs, or Bleeds. 
Non-recirculating direct gas-fired industrial air heaters with 
valve train components equipped with atmospheric vents, gas 
reliefs, or bleeds shall have their vent lines, gas reliefs, or 
bleeds lead to a safe point outdoors. Means shall be employed 
on these lines to prevent water from entering and to prevent 
blockage from insects and foreign matter. An atmospheric 
vent line shall not be required to be provided on a valve train 
component equipped with a listed vent limiter. [NFPA 
54:10.8.6] 


914.7 Relief Openings. The design of the installation shall 
include adequate provisions to permit the non-recirculating 
direct gas-fired industrial air heater to operate at its rated air- 
flow without overpressurizing the space served by the heater 
by taking into account the structure’s designed infiltration 
rate, properly designed relief openings, or an interlocked 
powered exhaust system, or a combination of these methods. 
[NFPA 54:10.8.7] 


914.7.1 Infiltration Rate. The structure’s designed 
infiltration rate and the size of relief opening(s) shall be 
determined by approved engineering methods. [NFPA 
54:10.8.7.1] 


914.72 Louver or Gravity Dampers. Louver or coun- 
terbalanced gravity damper relief openings shall be per- 
mitted. Where motorized dampers or closeable louvers are 
used, they shall be proved to be in their open position prior 
to main burner operation. [NFPA 54:10.8.7.2] 


TABLE 911.2 
FREE OPENING AREA OF CHIMNEY DAMPER FOR VENTING FLUE GASES FROM UNLISTED DECORATIVE 
APPLIANCES FOR INSTALLATION IN VENTED FIREPLACES 


[NFPA 54: TABLE 10.6.2.3] 


MINIMUM PERMANENT FREE OPENING (square inches)* 
CHIMNEY ae area 20 Do ttalle iets ail) squporalaran in) © yy 3 aihecgs 
HEIGHT L- = : - - Ju —— | : a esse =. 
(feet) APPLIANCE INPUT RATING (Btu/h) 
See! Hhie. e7g00 mee] eS14.000 23200 =| 34.000 46 400 62 400 80000 
ne 8400 15.200 25200 | 37000 | 50400 68000 86.000 
eek 3IO 9000 WaiG so0T APN 27 600 40 400 55800 | 74400 | 96400 
he Chars 9800 | 18.200 30.200 44600. |... 62400. .|....84000.. |. 108 800 
Hee 10600 | 20200 | 32600. 50400 | 68400 | 94000 | —_—122.200 
30 11 200 21 600 36 600 55 200 76800 | 105800 | —_—:138 600 


For SI units: 1 foot = 304.8 mm, 1000 British thermal units per hour = 0.293 kW, 1 square inch = 0.000645 m2 __ 


| * The first six minimum permanent free openings [8 square inches (0.005 m?) to 51 square inches (0.03 m’)] correspond approximately to the cross-sectional 
areas of chimneys having diameters of 3 inches (76 mm) through 8 inches (203 mm), respectively. The 64 square inch (0.04 m*) opening corresponds to the 
cross-sectional area of a standard 8 inch (203 mm) by 8 inch (203 mm) chimney tile. 
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914.8 Purging. Inlet ducting, when used, shall be purged 
| with at least four air changes prior to an ignition attempt. 
[NFPA 54:10.8.8] 


915.0 Recirculating Direct Gas-Fired Industrial Air 
Heaters. 


915.1 Application. Direct gas-fired industrial air heaters of 
the recirculating type shall be listed in accordance with CSA 
Z83.18. [NFPA 54:10.9.1] 


915.2 Prohibited Installations. Recirculating direct gas- 
fired industrial air heaters shall not serve any area containing 
sleeping quarters. Recirculating direct gas-fired industrial air 
heaters shall not recirculate room air in buildings that contain 
flammable solids, liquids, or gases; explosive materials; or 
substances that can become toxic when exposed to flame or 
heat. [NFPA 54:10.9.2.1, 10.9.2.2] 


| 915.3 Installation. Recirculating direct gas-fired industrial 
air heaters shall be installed in accordance with the manufac- 
| turer’s instructions. [NFPA 54:10.9.3] 


915.4 Clearance from Combustible Materials. Recir- 
culating direct gas-fired industrial air heaters shall be installed 
with a clearance from combustible materials of not less than 

| that shown on the rating plate and the manufacturer’s instruc- 
tions. [NFPA 54:10.9.4] 


915.5 Air Supply. Ventilation air to the recirculating direct 
gas-fired industrial air heater shall be ducted directly from 
outdoors. Air to the recirculating direct gas-fired industrial 
air heater in excess of the minimum ventilation air specified 
on the heater’s rating plate shall be taken from the building, 
ducted directly from outdoors, or a combination of both. 
Where outdoor air dampers or closing louvers are used, they 
shall be verified to be in the open position prior to main 
burner operation. [NFPA 54:10.9.5] 


915.6 Atmospheric Vents, Gas Reliefs, or Bleeds. 
Recirculating direct gas-fired industrial air heaters with valve 
train components equipped with atmospheric vents, gas 
reliefs, or bleeds shall have their vent lines, gas reliefs, or 
bleeds lead to a safe point outdoors. Means shall be employed 
on these lines to prevent water from entering and to prevent 
blockage from insects and foreign matter. An atmospheric 
vent line shall not be required to be provided on a valve train 
component equipped with a listed vent limiter. [NFPA 
54:10.9.6] 


915.7 Relief Openings. The design of the installation shall 
include adequate provisions to permit the recirculating direct 
gas-fired industrial air heater to operate at its rated airflow 
without overpressurizing the space served by the heater by 
taking into account the structure’s designed infiltration rate, 
properly designed relief openings or an interlocked powered 
exhaust system, or a combination of these methods. [NFPA 
54:10.9.7] 


915.71 Infiltration Rate. The structure’s designed 
infiltration rate and the size of relief opening(s) shall be 
determined by approved engineering methods. [NFPA 
54:10.9.7.1] 
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915.7.2 Louver or Gravity Dampers. Louver or coun- 
terbalanced gravity damper relief openings shall be per- 
mitted. Where motorized dampers or closeable louvers are 
used, they shall be proved to be in their open position prior 
to main burner operation. [NFPA 54:10.9.7.2] 


915.8 Purging. Inlet ducting, when used, shall be purged 
with at least four air changes prior to an ignition attempt. 
[NFPA 54:10.9.8] 


916.0 Room Heaters. 


916.1 Electric Room Heaters. Electric room heaters shall 
comply with UL 2021. 


916.2 Gas-Fired Room Heaters. Gas-fired room heaters 
shall comply with Section 916.2.1 through Section 916.2.4. 


916.2.1 Prohibited Installations. Unless specifically 
permitted by the Authority Having Jurisdiction, unvented 
room heaters shall not be installed as primary heat 
sources. Unvented room heaters shall not be permitted 
in spaces that do not have the required volume of indoor 
air as defined in Section 701.4. 


[HCD 1 & HCD 2] Unvented fuel-burning room heaters 
shall not be installed, used, maintained, or permitted to 
exist in a Group R Occupancy. 


916.2.1.1 Unvented Room Heaters. Unvented 
room heaters shall not be installed in bathrooms or 
bedrooms. 


Exceptions: 


(1) Where approved by the Authority Having Juris- 
diction, one listed wall-mounted unvented room 
heater equipped with an oxygen depletion 
safety shutoff system shall be permitted to be 
installed in a bathroom, provided that the input 
rating does not exceed 6000 Btu/h (1.76 kW) 
and combustion and ventilation air is provided 
as specified in Section 902.2. 


(2) Where approved by the Authority Having Juris- 
diction, one listed wall-mounted unvented room 
heater equipped with an oxygen depletion 
safety shutoff system shall be permitted to be 
installed in a bedroom, provided that the input 
rating does not exceed 10 000 Btu/h (3 kW) and 
combustion and ventilation air is provided as 
specified in Section 902.2. [NFPA 54:10.22.1] 

(3) Portable oil fired unvented heating appliances 
used as supplemental heating in storage occu- 
pancies, utility occupancies, and in accordance 
with the fire code. 

[HCD 1 & HCD 2] Unvented fuel-burning room 

heaters shall not be installed, used, maintained, or 

permitted to exist in a Group R Occupancy. 
916.2.2 Installations in Institutions. Room heaters 
shall not be installed in the following occupancies: 
(1) Residential board and care 


(2) Health care [NFPA 54:10.22.3] 
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916.2.3 Clearance. A room heater shall be placed so as 
not to cause a hazard to walls, floors, curtains, furniture, 
doors where open, and to the free movements of persons 
within the room. Heaters designed and marked, “For use 
in noncombustible fireplace only,” shall not be installed 
elsewhere. Listed room heaters shall be installed in 
accordance with their listings and the manufacturer’s 
installation instructions. In no case shall the clearances be 
such as to interfere with combustion air and accessibility. 
Unlisted room heaters shall be installed with clearances 
from combustible material not less than the following: 


(1) Circulating type room heaters having an outer jacket 
surrounding the combustion chamber, arranged with 
openings at top and bottom so that air circulates 
between the inner and outer jacket, and without 
openings in the outer jacket to permit direct radia- 
tion, shall have clearance at sides and rear of not less 
than 12 inches (305 mm). 


Radiating type room heaters other than those of the 
circulating type described in Section 916.2.3(1) shall 
have clearance at sides and rear of not less than 18 
inches (457 mm), except that heaters that make use 
of metal, asbestos, or ceramic material to direct radi- 
ation to the front of the heater shall have a clearance 
of 36 inches (914 mm) in front and, where con- 
structed with a double back of metal or ceramic, 
shall be permitted to be installed with a clearance of 
18 inches (457 mm) at sides and 12 inches (305 mm) 
at rear. Combustible floors under unlisted room 
heaters shall be protected in an approved manner. 
916.2.4 Wall-Type Room Heaters. Wall-type room 
heaters shall not be installed in or attached to walls of 
combustible material unless listed for such installation. 
[NFPA 54:10.22.5] 
916.3 Solid-Fuel-Type Room Heaters. Solid-fuel type 
room heaters shall comply with UL 1482. 
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— 


917.0 Unit Heaters. 


917.1 Support. Suspended-type unit heaters shall be safely 
and adequately supported, with due consideration given to 
their weight and vibration characteristics. Hangers and brack- 
ets shall be of noncombustible material. [NFPA 54:10.25.1] 


917.2 Clearance. Suspended-type unit heaters shall comply 
with the following requirements: 


(1) A listed unit heater shall be installed with clearances 
from combustible material of not less than 18 inches (457 
mm) at the sides, 12 inches (305 mm) at the bottom, and 
6 inches (152 mm) above the top where the unit heater 
has an internal draft hood, or 1 inch (25.4 mm) above the 
top of the sloping side of a vertical draft hood. A unit 
heater listed for reduced clearances shall be installed in 
accordance with its listing and the manufacturer’s instal- 
lation instructions. 


(2) Unlisted unit heaters shall be installed with clearances to 
combustible material of not less than 18 inches (457 
mm). 
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(3) Clearances for servicing shall be in accordance with the 
manufacturer’s installation instructions. 


917.2.1 Floor-Mounted-Type Unit Heaters. Floor- 
mounted-type unit heaters shall comply with the follow- 
ing requirements: 

(1) A listed unit heater shall be installed with clearances 
from combustible material at the back and one side 
of not less than 6 inches (152 mm). Where the flue 
gases are vented horizontally, the 6 inch (152 mm) 
clearance shall be measured from the draft hood or 
vent instead of the rear wall of the unit heater. A unit 
heater listed for reduced clearances shall be installed 
in accordance with its listing and the manufacturer’s 
installation instructions. 


(2) Floor-mounted-type unit heaters installed on com- 
bustible floors shall be listed for such installation. 


(3) Combustible floors under unlisted floor-mounted 
unit heaters shall be protected in an approved man- 
ner. 


(4) Clearances for servicing shall be in accordance with 
the manufacturer’s instructions. 


917.3 Combustion and Circulating Air. Combustion and 
circulating air shall be provided in accordance with Section 
701.0. [NFPA 54:10.25.3] 


917.4 Ductwork. A unit heater shall not be attached to a 
warm air duct system unless listed and marked for such instal- 
lation. [NFPA 54:10.25.4] 


917.5 Installation in Commercial Garages and Air- 
craft Hangars. Unit heaters installed in garages for more 
than three motor vehicles or in aircraft hangars shall be of a 
listed type and shall be installed in accordance with Section 
303.11 and Section 303.12. [NFPA 54:10.25.5] 


917.6 Oil-Fired Unit Heaters. Oil-fired unit heaters shall 
comply with UL 731 and installed in accordance with the 
manufacturer’s installation instructions. 


918.0 Food Service Appliance, Floor-Mounted. 


918.1 Clearance for Listed Appliances. Listed floor- 
mounted food service appliances, such as ranges for hotels 
and restaurants, deep fat fryers, unit broilers, kettles, steam 
cookers, steam generators, and baking and roasting ovens, 
shall be installed not less than 6 inches (152 mm) from com- 
bustible material except that at least a 2 inch (51 mm) clear- 
ance shall be maintained between a draft hood and 
combustible material. Floor-mounted food service appliances 
listed for installation at lesser clearances shall be installed in 
accordance with its listing and the manufacturer’s installation 
instructions. Appliances designed and marked, “For use only 
in noncombustible locations,” shall not be installed else- 
where. 


918.2 Clearance for Unlisted Appliances. Unlisted 


_fleor-mounted food service appliances shall be installed to 
~ provide a clearance to combustible material of not less than 


18 inches (457 mm) from the sides and rear of the appliance 
and from the vent connector and not less than 48 inches (1219 
mm) above cooking tops and at the front of the appliance. 
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Clearances for unlisted appliances installed in partially 
enclosed areas such as alcoves shall not be reduced. Reduced 
clearances for unlisted appliances installed in rooms that are 
not partially enclosed shall be in accordance with Table 
303.10.1. [NFPA 54:10.12.2] 


918.3 Mounting on Combustible Floors. Listed floor- 
mounted food service appliances that are listed specifically 
for installation on floors constructed of combustible material 
shall be permitted to be installed on combustible floors in 
accordance with its listing and the manufacturer’s installation 
instructions. 


918.3.1 Not Listed for Mounting on Combustible 
Floors. Floor-mounted food service appliances that are 
not listed for mounting on a combustible floor shall be 
mounted in accordance with Section 918.4 or be mounted 
in accordance with one of the following: 


(1) Where the appliance is set on legs that provide not 
less than 18 inches (457 mm) open space under the 
base of the appliance or where it has no burners and 
no portion of any oven or broiler within 18 inches 
(457 mm) of the floor, it shall be permitted to be 
mounted on a combustible floor without special 
floor protection, provided at least one sheet metal 
baffle is between the burner and the floor. 


(2) Where the appliance is set on legs that provide not 
less than 8 inches (203 mm) open space under the 
base of the appliance, it shall be permitted to be 
mounted on combustible floors, provided the floor 
under the appliance is protected with not less than 
¥z of an inch (9.5 mm) insulating millboard covered 
with sheet metal not less than 0.0195 of an inch 
(0.4953 mm) thick. The preceding specified floor 
protection shall extend not less than 6 inches (152 
mm) beyond the appliance on all sides. 


(3) Where the appliance is set on legs that provide not 
less than 4 inches (102 mm) under the base of the 
appliance, it shall be permitted to be mounted on 
combustible floors, provided the floor under the 
appliance is protected with hollow masonry not less 
than 4 inches (102 mm) in thickness covered with 
sheet metal not less than 0.0195 of an inch (0.4953 
mm) thick. Such masonry courses shall be laid with 
ends unsealed and joints matched in such a way as 
to provide for free circulation of air through the 
masonry. 


(4) Where the appliance does not have legs at least 4 
inches (102 mm) high, it shall be permitted to be 
mounted on combustible floors, provided the floor 
under the appliance is protected by two courses of 4 
inch (102 mm) hollow clay tile, or equivalent, with 
courses laid at right angles and with ends unsealed 
and joints matched in such a way as to provide for 
free circulation of air through such masonry courses, 
and covered with steel plate not less than “6 of an 
inch (4.8 mm) in thickness. [NFPA 54:10.12.3.2] 


918.4 Installation on Noncombustible Floors. Listed 
floor-installed food service appliances that are designed and 
marked “For use only in noncombustible locations” shall be 
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installed on floors of noncombustible construction with non- 
combustible flooring and surface finish and with no com- 
bustible material against the underside thereof, or on 
noncombustible slabs or arches having no combustible mate- 
rial against the underside thereof. Such construction shall in 
all cases extend not less than 12 inches (305 mm) beyond the 
appliance on all sides. [NFPA 54:10.12.4.1, 10.12.4.2] 


918.5 Combustible Material Adjacent to Cooking 
Top. Listed and unlisted food service ranges shall be installed 
to provide clearance to combustible material not less than 18 
inches (457 mm) horizontally for a distance of up to 2 feet 
(610 mm) above the surface of the cooking top where the 
combustible material is not completely shielded by high 
shelving, warming closet, or other system. Reduced com- 
bustible material clearances are permitted where protected in 
accordance with Table 303.10.1. [NFPA 54:10.12.5] 


918.6 Use with Casters. Floor-mounted appliances with 
casters shall be listed for such construction and shall be 
installed in accordance with the manufacturer’s installation 
instructions for limiting the movement of the appliance to pre- 
vent strain on the connection. [NFPA 54:10.12.6] 


918.7 Level Installation. Floor-mounted food service 
appliances shall be installed level on a firm foundation. 
[NFPA 54:10.12.7] 


918.8 Ventilation. Means shall be provided to properly ven- 
tilate the space in which a food service appliance is installed 
to permit proper combustion of the gas. [NFPA 54:10.12.8] 


919.0 Food Service Appliances, Counter Appliances. 


919.1 Vertical Clearance. A vertical distance of not less 
than 48 inches (1219 mm) shall be provided between the top 
of all food service hot plates and griddles and combustible 
material. [NFPA 54:10.13.1] 


919.2 Clearance for Listed Appliances. Listed food 
service counter appliances such as hot plates and griddles, 
food and dish warmers, and coffee brewers and urns, where 
installed on combustible surfaces, shall be set on their own 
bases or legs and shall be installed with a horizontal clear- 
ance of not less than 6 inches (152 mm) from combustible 
material, except that not less than a 2 inches (51 mm) clear- 
ance shall be maintained between a draft hood and com- 
bustible material. Food service counter appliances listed for 
installation at lesser clearances shall be installed in accor- 
dance with their listing and the manufacturer’s installation 
instructions. 


919.3 Clearance for Unlisted Appliances. Unlisted food 
service hot plates and griddles shall be installed with a hori- 
zontal clearance from combustible material of not less than 18 
inches (457 mm). Unlisted gas food service counter appli- 
ances, including coffee brewers and urns, waffle bakers, and 
hot water immersion sterilizers, shall be installed with a hor- 
izontal clearance from combustible material of not less than 
12 inches (305 mm). Reduced clearances for gas food service 
counter appliances shall be in accordance with Table 
303.10.1. Unlisted food and dish warmers shall be installed 
with a horizontal clearance from combustible material of not 
less than 6 inches (152 mm). [NFPA 54:10.13.3] 
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919.4 Mounting of Unlisted Appliances. Unlisted food 
service counter appliances shall not be set on combustible 
material unless they have legs that provide not less than 4 
inches (102 mm) of open space below the burners and the 
combustible surface is protected with insulating millboard at 
least 4 of an inch (6.4 mm) thick covered with sheet metal not 
less than 0.0122 of an inch (0.3099 mm) thick, or with equiv- 
alent protection. [NFPA 54:10.13.4] 


920.0 Household Cooking Appliances. 


920.1 Electric Household Cooking Appliances. Elec- 
tric household cooking appliances designed for permanent 
installations shall be installed in accordance with the manu- 
facturer’s installation instructions. Household electric ranges 
shall comply with UL 858. 


920.2 Gas-Fired Household Cooking Appliances. 
Gas-fired household cooking appliances shall comply with 
Section 920.3 though Section 920.4.3. 


920.3 Floor-Mounted Units. Floor mounted units shall be 
installed in accordance with Section 920.3.1 and Section 
920.3.2. 


920.3.1 Clearance from Combustible Material. 

The clearances specified as follows shall not interfere 

with combustion air, accessibility for operation, and serv- 

icing: 

(1) Listed floor-mounted household cooking appliances, 
where installed on combustible floors, shall be set 
on their own bases or legs and shall be installed in 
accordance with their listing and the manufacturer’s 
installation instructions. 


(2) Listed household cooking appliances with listed gas 
room heater sections shall be installed so that the 
warm air discharge side shall have a clearance of not 
less than 18 inches (457 mm) from adjacent com- 
bustible material. A clearance of not less than 36 
inches (914 mm) shall be provided between the top 
of the heater section and the bottom of cabinets. 


(3) Listed household cooking appliances that include a 
solid or liquid fuel-burning section shall be spaced 
from combustible material and otherwise installed 
in accordance with their listing and the manufac- 
turer’s installation instructions for the supplemen- 
tary fuel section of the appliance. 


(4) Unlisted floor-mounted household cooking appli- 
ances shall be installed with not less than 6 inches 
(152 mm) clearance at the back and sides to com- 
bustible material. Combustible floors under unlisted 
appliances shall be protected in an approved man- 
ner. 


920.3.2 Vertical Clearance Above Cooking Top. 
Household cooking appliances shall have a vertical clear- 


ance above the cooking top of not less than 30 inches ~ 


(762 mm) to combustible material or metal cabinets. A 
minimum clearance of 24 inches (610 mm) is permitted 
where one of the following is installed: 
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(1) The underside of the combustible material or metal 
cabinet above the cooking top is protected with not 
less than 4 of an inch (6.4 mm) insulating millboard 
covered with sheet metal not less than 0.0122 of an 
inch (0.3099 mm) thick. 


(2) A metal ventilating hood of sheet metal not less than 
0.0122 of an inch (0.3099 mm) thick is installed 
above the cooking top with a clearance of not less 
than '4 of an inch (6.4 mm) between the hood and 
the underside of the combustible material or metal 
cabinet, and the hood is as wide as the appliance and 
is centered over the appliance. 


(3) A listed cooking appliance or microwave oven 
installed over a listed cooking appliance shall be in 
accordance with the terms of the upper appliance’s 
listing and the manufacturer’s installation instruc- 
tions. Microwave ovens shall comply with UL 923. 


920.4 Built-In Units. Built-in units shall be installed in accor- 
dance with Section 920.4.1 through Section 920.4.3. 


920.4.1 Installation. Listed built-in household cook- 
ing appliances shall be installed in accordance with their 
listing and the manufacturer’s installation instructions. 
The installation shall not interfere with combustion air, 
accessibility for operation, and servicing. Unlisted built- 
in household cooking appliances shall not be installed in 
or adjacent to combustible material. 


920.4.2 Vertical Clearance. Built-in top (or surface) 
cooking appliances shall have a vertical clearance above 
the cooking top of not less than 30 inches (762 mm) to 
combustible material or metal cabinets. A clearance of 
not less than 24 inches (610 mm) is permitted where one 
of the following is installed: 


(1) The underside of the combustible material or metal 
cabinet above the cooking top is protected with not 
less than 4 of an inch (6.4 mm) insulating millboard 
covered with sheet metal not less than 0.0122 of an 
inch (0.3099 mm) thick. 


(2) A metal ventilating hood of sheet metal not less than 
0.0122 of an inch (0.3099 mm) thick is installed 
above the cooking top with a clearance of not less 
than 4 of an inch (6.4 mm) between the hood and 
the underside of the combustible material or metal 
cabinet, and the hood not less than the width of the 
appliance and is centered over the appliance. 


(3) A listed cooking appliance or microwave oven 
installed over a listed cooking appliance shall be in 
accordance with the terms of the upper appliance 
listing and the manufacturer’s installation instruc- 
tions. Microwave ovens shall comply with UL 923. | 


920.4.3 Level Installation. Cooking appliances shall |<< 


be installed so that the cooking top, broiler pan, or oven 
racks are level. [NFPA 54:10.14.3] 


_ 921.0 Cooking Appliances Listing. 


921.1 Commercial Electric Ranges. Commercial electric 
ranges shall comply with UL 197 and installed in accordance 
with the manufacturer’s installation instructions. 
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921.2 Commercial Wood-Fired Baking Ovens. Com- 
mercial wood-fired baking ovens (refractory type) shall com- 
ply with UL 2162 and installed in accordance with the 
manufacturer’s installation instructions. 


921.3 Oil-Burning Ranges. Oil-burning ranges shall com- 
ply with UL 896 and installed in accordance with the manu- 
facturer’s installation instructions. 


922.0 Open-Top Broiler Units. 


922.1 Listed Units. Listed open-top broiler units shall be 
installed in accordance with the manufacturer’s installation 
instructions. [NFPA 54:10.18.1] 


922.2 Unlisted Units. Unlisted open-top broiler units shall 
be installed in accordance with the manufacturer’s instruc- 
tions but shall not be installed in combustible material. 
[NFPA 54:10.18.2] 


922.3 Protection Above Domestic Units. Domestic open- 
top broiler units shall be provided with a metal ventilating hood 
not less than 0.0122 of an inch (0.3099 mm) thick with a clear- 
ance of not less than 4 of an inch (6.4 mm) between the hood 
and the underside of combustible material or metal cabinets. A 
clearance of at least 24 inches (610 mm) shall be maintained 
between the cooking top and the combustible material or metal 
cabinet, and the hood shall be at least as wide as the open-top 
broiler unit and centered over the unit. Listed domestic open- 
top broiler units incorporating an integral exhaust system and 
listed for use without a ventilating hood shall not be required 
to be provided with a ventilating hood if installed in accordance 
with Section 920.3.2(1). [NFPA 54:10.18.3] 


922.4 Commercial Units. Commercial open-top broiler 
units shall be provided with ventilation in accordance with 
| Chapter 5, Part II. {NFPA 54:10.18.4} 


923.0 Outdoor Cooking Appliances. 


923.1 Listed Units. Listed outdoor cooking appliances 
shall be installed in accordance with their listing and the man- 
ufacturer’s installation instructions. 


923.2 Unlisted Units. Unlisted outdoor cooking appliances 
shall be installed outdoors with clearances to combustible 
material of not less than 36 inches (914 mm) at the sides and 
back and not less than 48 inches (1219 mm) at the front. In no 
case shall the appliance be located under overhead com- 
bustible construction. [NFPA 54:10.19.2] 


924.0 Illuminating Appliances. 


924.1 Clearances for Listed Appliances. Listed illumi- 
nating appliances shall be installed in accordance with their 
listing and the manufacturer’s installation instructions. 


924.2 Clearances for Unlisted Appliances. Clearances 
for unlisted illuminating appliances shall comply with the fol- 
lowing: 

(1) Unlisted enclosed illuminating appliances installed out- 
doors shall be installed with clearances in any direction 
from combustible material of not less than 12 inches (305 
mm). [NFPA 54:10.15.2.1(1)] 
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(2) Unlisted enclosed illuminating appliances installed 
indoors shall be installed with clearances in any direc- 
tion from combustible material of not less than 18 inches 
(457 mm). [NFPA 54:10.15.2.1(2)] 


924.2.1 Open-Flame Type. Clearances shall comply 
with the following: 


(1) Unlisted open-flame illuminating appliances 
installed outdoors shall have clearances from com- 
bustible material not less than that specified in Table 
924.2.1. The distance from ground level to the base 
of the burner shall be a minimum of 7 feet (2134 
mm) where installed within 2 feet (610 mm) of 
walkways. Lesser clearances shall be permitted to 
be used where acceptable to the Authority Having 
Jurisdiction. 


(2) Unlisted open-flame illuminating appliances 
installed outdoors shall be equipped with a limiting 
orifice or other limiting devices that maintain a 
flame height consistent with the clearance from 
combustible material, as given in Table 924.2.1. 


(3) Appliances designed for flame heights in excess of 
30 inches (762 mm) shall be permitted to be 
installed if acceptable to the Authority Having Juris- 
diction. Such appliances shall be equipped with a 
safety shutoff device or automatic ignition. 


(4) Unlisted open-flame illuminating appliances 
installed indoors shall have clearances from com- 
bustible material acceptable to the Authority Hav- 
ing Jurisdiction. [NFPA 54:10.15.2.2] 


TABLE 924.2.1 
CLEARANCES FOR UNLISTED OUTDOOR 
OPEN-FLAME ILLUMINATING APPLIANCES 
[NFPA 54:TABLE 10.15.2.2] 


195i) MINIMUM CLEARANCE FROM 
FLAME HEIGHT ABOVE COMBUSTIBLE MATERIAL 
BURNER HEAD (feety* 
(inches) : - added 5 
HORIZONTAL VERTICAL 
: 2 ese Vie) © ace y » ‘ r 6 
LESCeps Seer ee eee ee gee Ce 
Ph 24 ee 3 whe ats sed : 
30 4 wiv 


For SI units: 1 inch = 25 4mm, 1 foot = 304.8 mm 
* Measured from the nearest portion of the burner head. 


924.3 Mounting on Buildings. Illuminating appliances 
designed for wall or ceiling mounting shall be securely attached 
to substantial structures in such a manner that they are not 
dependent on the gas piping for support. [NFPA 54:10.15.3] 


924.4 Mounting on Posts. Illuminating appliances 
designed for post mounting shall be securely and rigidly 
attached to a post. Posts shall be rigidly mounted. The 
strength and rigidity of posts greater than 3 feet (914 mm) in 
height shall be at least equivalent to that of a 2'4 inch (64 mm) 
diameter post constructed of 0.064 of an inch (1.626 mm) 
thick steel or a | inch (25.4 mm) Schedule 40 steel pipe. Posts 


2022 CALIFORNIA MECHANICAL CODE 


3 feet (914 mm) or less in height shall not be smaller than a 
¥s of an inch (19.1 mm) Schedule 40 steel pipe. Drain open- 
ings shall be provided near the base of posts where water col- 
lecting inside the posts is possible. [NFPA 54:10.15.4] 


924.5 Appliance Pressure Regulators. Where an appli- 
ance pressure regulator is not supplied with an illuminating 
appliance and the service line is not equipped with a service 
pressure regulator, an appliance pressure regulator shall be 
installed in the line serving one or more illuminating appli- 
ances. [NFPA 54:10.15.5] 


925.0 Incinerators and Crematories. 


925.1 Field Constructed Commercial-Industrial 
Incinerators. Field constructed commercial-industrial incin- 
erators shall be constructed and installed in accordance with 
NFPA 82. 


925.2 Factory-Built Commercial Crematories. Fac- 
tory-built commercial incinerators and crematories shall com- 
ply with UL 2790 and installed in accordance with the 
manufacturer’s installation instructions. 


925.3 Residential Incinerators. Residential incinerators 
shall comply with UL 791 and installed in accordance with 
the manufacturer’s installation instructions. 


926.0 Infrared Heaters. 


926.1 Support. Suspended-type infrared heaters shall be 
fixed in position independent of gas and electric supply lines. 
Hangers and brackets shall be of noncombustible material. 
Heaters subject to vibration shall be provided with vibration- 
isolating hangers. [NFPA 54:10.17.1] 


926.2 Clearance. The installation of infrared heaters shall 
comply with the following clearance requirements: 


(1) Listed heaters shall be installed with clearances from 
combustible material in accordance with their listing and 
the manufacturer’s installation instructions. 


(2) Unlisted heaters shall be installed in accordance with 
clearances from combustible material acceptable to the 
Authority Having Jurisdiction. 


(3) In locations used for the storage of combustible materi- 
als, signs shall be posted to specify the maximum per- 
missible stacking height to maintain required clearances 
from the heater to the combustibles. 


926.3 Combustion and Ventilation Air. Where unvented 
infrared heaters are used, natural or mechanical means shall 
be provided to supply and exhaust at least 4 ft?/min/1000 
Btu/h (0.38 m?/min/kW) input of installed heaters. [NFPA 
Ry sett eee | 


926.3.1 Exhaust Openings. Exhaust openings for 
removing flue products shall be above the level of the 
heaters. [NFPA 54:10.17.3.2] 


926.4 Installation in Commercial Garages and Air- 
craft Hangars. Overhead heaters installed in garages for 
more than three motor vehicles or in aircraft hangars shall be 
of a listed type and shall be installed in accordance with Sec- 
tion 303.11 and Section 303.12. [NFPA 54:10.17.4] 
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927.0 Pool Heaters. 


927.1 Location. A pool heater shall be located or protected 
so as to minimize accidental contact of hot surfaces by per- 
sons. [NFPA 54:10.20.1] 


927.2 Clearance. The installation of pool heaters shall com- 
ply with the following requirements: 


(1) Inno case shall the clearances be such as to interfere with 
combustion air, draft hood, or vent terminal clearance 
and relief, and accessibility for servicing. 


(2) A listed pool heater shall be installed in accordance with 
its listing and the manufacturer’s installation instructions. 


(3) An unlisted pool heater shall be installed with a clear- 
ance of not less than 12 inches (305 mm) on the sides 
and the rear. A combustible floor under an unlisted pool 
heater shall be protected in an approved manner. 


927.3 Temperature or Pressure-Limiting Devices. An 
unlisted pool heater shall be provided with overtemperature 
protection or overtemperature and overpressure protection by 
means of an approved device(s). [NFPA 54:10.20.3.1] 


927.3.1 Pressure Relief Valve. Where a pool heater is 
provided with over-temperature protection only and is 
installed with any device in the discharge line of the 
heater that can restrict the flow of water from the heater 
to the pool (such as a check valve, shutoff valve, thera- 
peutic pool valving, or flow nozzles), a pressure-relief 
valve shall be installed either in the heater or between the 
heater and the restrictive device. [NFPA 54:10.20.3.2] 


927.4 Bypass Valves. Where an integral bypass system is 
not provided as a part of the pool heater, a bypass line and 
valve shall be installed between the inlet and outlet piping for 
use in adjusting the flow of water through the heater. [NFPA 
54:10.20.4] 


927.5 Venting. A pool heater listed for outdoor installation 
shall be installed with the venting means supplied by the man- 
ufacturer and in accordance with the manufacturer’s installa- 
tion instructions. [NFPA 54:10.20.5] 


928.0 Refrigerators. 


928.1 Clearance. Refrigerators shall be provided with 
clearances for ventilation at the top and back in accordance 
with the manufacturer’s instructions. Where such instructions 
are not available, at least 2 inches (51 mm) shall be provided 
between the back of the refrigerator and the wall at least 12 
inches (305 mm) above the top. [NFPA 54:10.21.1] 


928.2 Venting or Ventilating Kits Approved for Use 
with a Refrigerator. Where an accessory kit is used for con- 
veying air for burner combustion or unit cooling to the refrig- 
erator from areas outside the room in which it is located, or 
for conveying combustion products diluted with air contain- 


~_ ing waste heat from the refrigerator to areas outside the room 
jn which it is located, the kit shall be installed in accordance 


with the refrigerator manufacturer’s instructions. [NFPA 
54:10.21.2] 
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929.0 Gas-Fired Toilets. 


929.1 Clearance. A listed gas-fired toilet shall be installed 
in accordance with its listing and the manufacturer’s installa- 
tion instructions, provided that the clearance shall be such to 
afford ready accessibility for use, cleanout, and necessary 
servicing. 

929.2 Installation on Combustible Floors. Listed gas- 
fired toilets installed on combustible floors shall be listed for 
such installation. [NFPA 54:10.24.2] 


929.3 Vents. Vents or vent connectors that are capable of 
being contacted during casual use of the room in which the 
toilet is installed shall be protected or shielded to prevent such 
contact. [NFPA 54:10.24.3] 


930.0 Appliances for Installation in Manufactured 
Housing. [Not adopted by HCD] 


930.1 General. [Not adopted by HCD] Appliances 
installed in manufactured housing after the initial sale shall be 
listed for installation in manufactured housing, or approved, 
and shall be installed in accordance with the requirements of 
this code and the manufacturer’s installation instructions. 
Appliances installed in the living space of manufactured 
housing shall be in accordance with the requirements of Sec- 
tion 701.0. [NFPA 54:10.29] 


931.0 Small Ceramic Kilns. 


931.1 General. The provisions of this section apply to kilns 
used for ceramics that have a maximum interior volume of 
20 cubic feet (0.57 m*) and are used for hobby or noncom- 
mercial purposes. 


931.2 Installation. Kilns shall be installed in accordance 
with the manufacturer’s installation instructions and the pro- 
visions of this code. 


931.3 Fuel-Gas Controls. Fuel-gas controls shall comply 
with Section 306.0 and Section 902.4. Standing pilots shall 
not be used with gas-fired kilns. 


931.4 Electrical Equipment. All electrical equipment used 
as part of, or in connection with, the installation of a kiln shall 
be in accordance with the requirements in the electrical code. 
Electric kilns shall be listed and labeled in accordance with 
UL 499. 


931.5 Installations Inside Buildings. In addition to other 
requirements specified in this section, interior installations 
shall comply with the requirements of Section 603.13.6 and 
Section 931.5.1 through Section 931.5.4. 


931.5.1 Kiln Clearances. The sides and tops of kilns 
shall be located not less than 18 inches (457 mm) from a 
noncombustible wall surface and 3 feet (914 mm) from 
a combustible wall surface. Kilns shall be installed on 
noncombustible flooring consisting of not less than 2 
inches (51 mm) of solid masonry or concrete extending 
not less than 12 inches (305 mm) beyond the base or sup- 
porting members of the kiln. 


Exception: These clearances shall be permitted to be 
reduced, provided the kiln is installed in accordance with 
its listing. 


In no case shall the clearance on the gas or electri- 
cal control side of a kiln be reduced to less than 30 inches 
(762 mm). 


931.5.2 Hoods. A canopy-type hood shall be installed 
directly above each kiln. The face opening area of the 
hood shall be equal to or greater than the top horizontal 
surface area of the kiln. The hood shall be constructed of 
not less than 0.024 of an inch (0.61 mm) (No. 24 gauge) 
galvanized steel or equivalent and be supported at a 
height of between 12 inches (305 mm) and 30 inches 
(762 mm) above the kiln by noncombustible supports. 


Exception: Electric kilns installed with listed exhaust 
blowers shall be permitted to be used where marked as 
being suitable for the kiln and installed in accordance 
with the manufacturer’s installation instructions. 


931.5.3 Gravity Ventilation Ducts. Each hood shall 
be connected to a gravity ventilation duct extending in a 
vertical direction to outside the building. This duct shall 
be of the same construction as the hood and shall have a 
minimum cross-sectional area of not less than one-fif- 
teenth of the face opening area of the hood. The duct 
shall terminate not less than 12 inches (305 mm) above 
a portion of a building within 4 feet (1219 mm) and ter- 
minate not less than 4 feet (1219 mm) from an openable 
window or other opening into the building or adjacent 
property line. The duct opening to the outside shall be 
shielded, without reduction of duct area, to prevent 
entrance of rain into the duct. The duct shall be supported 
at each section by noncombustible supports. 


931.5.4 Makeup Air. Provisions shall be made for air to 
enter the room in which a kiln is installed at a rate not 
less than the air being removed through the kiln hood. 


931.6 Exterior Installations. Kilns shall be installed with 
minimum clearances as specified in Section 931.5.1. Wher- 
ever a kiln is located under a roofed area and 1s partially 
enclosed by more than two vertical wall surfaces, a hood and 
gravity ventilation duct shall be installed in accordance with 
Section 931.5.2, Section 931.5.3, and Section 603.13.6. 


932.0 Outdoor Open Flame Decorative Appliances. 


932.1 General. Permanently fixed in place outdoor open 
flame decorative appliances shall be installed in accordance 
with Section 932.1.1 through Section 932.1.3. [NFPA 
54:10.31] 


932.1.1 Listed Units. Listed outdoor open flame decora- 
tive appliances shall be installed in accordance with the 
manufacturer’s installation instructions. [NFPA 54:10.31.1] 


932.1.2 Unlisted Units. Unlisted outdoor open flame 
decorative appliances shall be installed outdoors in 
accordance with the manufacturer’s installation instruc- 
tions and with clearances to combustible material of not 
less than 36 inches (914 mm) from the sides. In no case 
shall the appliance be located under overhead com- 
bustible construction. [NFPA 54:10.31.2] 
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932.1.3 Connection to the Piping System. The 
connection to the gas piping system shall be in accor- 
dance with Section 1312.1(1), Section 1312.1(2), Sec- 
tion 1312.1(4), or Section 1312.1(5). [NFPA 54:10.31.3] 


933.0 Evaporative Cooling Systems. 


933.1 General. Evaporative cooling systems, including air 
ducts and fire dampers that are a portion of an evaporative 
cooling system, shall be in accordance with Section 933.2 
through Section 933.4.3. Evaporative cooling systems shall 
be provided with outside air as specified for cooling systems 
in Section 403.0. 


933.2 Location. Evaporative cooling systems shall be 
installed so as to minimize the probability of damage from an 
external source. 


933.3 Access, Inspection, and Repair. Evaporative 
coolers shall be accessible for inspection, service, and 
replacement without removing permanent construction. 


933.4 Installation. An evaporative cooler supported by the 
building structure shall be installed on a level base and shall 
be secured directly or indirectly to the building structure, to 
prevent displacement of the cooler. 


933.4.1 Modifications to the Supporting Struc- 
ture. Modifications made to the supporting framework 
of buildings as a result of the installation shall be in 
accordance with the requirements of the building code. 
Openings in exterior walls shall be flashed in an 
approved manner in accordance with the requirements of 
the building code. 


933.4.2 On the Ground. An evaporative cooler sup- 
ported directly by the ground shall be isolated from the 
ground by a level concrete slab extending not less than 3 
inches (76 mm) above the adjoining ground level. 


933.4.3 On a Platform. An evaporative cooler sup- 
ported on an aboveground platform shall be elevated not 
less than 6 inches (152 mm) above adjoining ground 
level. 


934.0 Refrigeration Appliances. 


934.1 Self-Contained Refrigerators and Freezers. 
Factory-built commercial refrigerators and freezers shall 
| comply with UL 471 or UL 60335-2-89 and shall be installed 
in accordance with the manufacturer’s installation instruc- 
tions. 


934.2 Unit Coolers. Factory-built unit coolers for use in 
refrigerators, freezers, refrigerated warehouses, and walk-in 
coolers shall comply with UL 412 or UL 60335-2-89 and 
shall be installed in accordance with the manufacturer’s 
installation instructions. 


934.3 Self-Contained Mechanical Refrigeration Sys-. 
tems. Self-contained mechanical refrigeration systems for 


use in walk-in coolers shall comply with UL 427 or UL 
60335-2-89 and shall be installed in accordance with the man- 
ufacturer’s installation instructions. 
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935.0 Ductless Mini-Split Systems Installation. 


935.1 General. A ductless mini-split system installation 
shall be installed in accordance with the manufacturer’s 
installation instructions and Section 310.2 for condensate 
control. 


936.0 Air Filter Appliances. 


936.1 Electrostatic Air Cleaners. Electrostatic air clean- 
ers shall comply with UL 867 and installed in accordance 
with the manufacturer’s installation instructions. 


936.2 High-Efficiency Particulate Air Filter Units. 
High-efficiency particulate air filter units for use in industrial 
and laboratory exhaust and ventilation systems shall be 
installed in accordance with the manufacturer’s installation 
instructions. 


937.0 Gaseous Hydrogen Systems. 


937.1 General. Gaseous hydrogen systems shall be installed 
in accordance with NFPA 2. 


938.0 Compressed Natural Gas (CNG) Vehicular Fuel 
Systems. 


938.1 General. The installation of compressed natural gas 
(CNG) fueling (dispensing) systems shall conform to NFPA 
52. Residential CNG fueling appliances shall be listed in 
accordance with CSA NGV 5.1 and installed in accordance to 
the appliance manufacturer's installation instructions. [NFPA 
54:10.28] 
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ee CALIFORNIA MECHANICAL CODE — MATRIX ADOPTION TABLE 
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CHAPTER 10 
BOILERS AND PRESSURE VESSELS 


1001.0 General. 


1001.1 Applicability. The requirements of this chapter shall 
apply to the construction, installation, operation, repair, and 
alteration of boilers and pressure vessels. Low-pressure boil- 
ers shall comply with this chapter and Section 904.0. 


Exceptions: 


(1) Listed and approved potable water heaters with a nomi- 
nal capacity not exceeding 120 gallons (454 L) and hav- 
ing a heat input not exceeding 200 000 British thermal 
units per hour (Btu/h) (58.6 kW) used for hot water sup- 
ply at a pressure not exceeding 160 pounds-force per 
square inch (psi) (1103 kPa) and at temperatures not 
exceeding 210°F (99°C), in accordance with the plumb- 
ing code. 

(2) Pressure vessels used for unheated water supply, includ- 
ing those containing air that serves as a cushion and is 
compressed by the introduction of water and tanks con- 
nected to sprinkler systems. 


(3) Portable unfired pressure vessels and Interstate Com- 
merce Commission (I.C.C.) containers. 


(4) Containers for liquefied petroleum gases, bulk oxygen, 
and medical gas that are regulated by the fire code. 


(5) Unfired pressure vessels in business, factory, hazardous, 
mercantile, residential, storage, and utility occupancies 
having a volume not exceeding 5 cubic feet (0.14 m*) and 
operating at pressures not exceeding 250 psi (1724 kPa). 


(6) Pressure vessels used in refrigeration systems shall com- 
ply with Chapter 11. 


(7) Pressure tanks used in conjunction with coaxial cables, 
telephone cables, power cables, and other similar humid- 
ity control systems. 


(8) A boiler or pressure vessel subject to regular inspection 
by federal inspectors or licensed by federal authorities. 


1001.2 Boiler Rooms and Enclosures. Boiler rooms and 
enclosures shall comply with the California Building Code. 


1001.2.1 [OSHPD 1, 1R, 2, 3, 4 & 5] In no case shall 
boiler room volume or clearances be reduced below those 
required by the conditions of the boiler listing. The boiler 
and the boiler room ventilation system, including fans, 
controls, and damper motors shall be on essential power 
when required by Section 321.0. The ventilation system 
shall either operate continuously, or, if interlocked with 
the boiler(s) it shall not interfere with the proper boiler 
operation. Listed boilers shall be installed with clearances 
in accordance with the manufacturer 8 instructions. 
1001.3 Air for Combustion and Ventilation. Air for 
combustion and ventilation shall be provided in accordance 
with Chapter 7. 
1001.4 Drainage. For heating or hot-water-supply boiler 
applications, the boiler room shall be equipped with a floor 
drain or other approved means for disposing of the accumu- 
lation of liquid wastes incident to cleaning, recharging, and 
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routine maintenance. No steam pipe shall be directly con- 
nected to a part of a plumbing or drainage system, nor shall a 
water having a temperature above 140°F (60°C) be dis- 
charged under pressure directly into a part of a drainage sys- 
tem. Pipes from boilers shall discharge by means of indirect 
waste piping as determined by the Authority Having Juris- 
diction or the boiler manufacturer’s instructions. 
1001.5 Mounting. Equipment shall be set or mounted on a 
level base capable of supporting and distributing the weight 
contained thereon. Boilers, tanks, and equipment shall be 
securely anchored to the structure. Equipment requiring 
vibration isolation shall be installed as designed by a regis- 
tered design professional and approved by the Authority Hav- 
ing Jurisdiction. 
1001.5.1 Floors. Boilers shall be mounted on floors of 
noncombustible construction unless listed for mounting 
on combustible flooring. 
1001.6 Chimneys or Vents. Boilers shall be connected to 


a chimney or vent, as provided for other fuel-burning equip- 
ment in Chapter 8 of this code. 


1002.0 Standards. 


1002.1 General. Pressure vessels shall be constructed and 
designed in accordance with the ASME Boiler & Pressure 
Vessel Code (BPVC) Section VIII. Boilers shall be con- 
structed, designed, and installed in accordance with one of 
the following: 

(1) ASME BPVC Section I 

(2) ASME BPVC Section IV 

(3) NFPA 85 


1002.2 Oil-Burning Boilers. Oil-burning boilers shall 
comply with Section 1002.2.1 and Section 1002.2.2. 
1002.2.1 Listing & Labeling. Oil-burning boilers 
shall be listed and labeled in accordance with UL 726. 
1002.2.2 Installation. Tanks, piping, and valves for 
oil-burning boilers shall be installed in accordance with 
NFPA 31. 
1002.3 Electric Boilers. Electric boilers shall be listed and 
labeled in accordance with UL 834. 
1002.4 Solid-Fuel-Fired Boilers. Solid-fuel-fired boilers 
shall comply with UL 2523 and shall be installed in accor- 
dance with the manufacturer’s installation instructions. 
1002.5 Dual Purpose Water Heater. Water heaters uti- 
lized for combined space- and water-heating applications 
shall be listed or labeled in accordance with the standards ref- 
erenced in Table 1203.2, and shall be installed in accordance 
with the manufacturer’s installation instructions. 


1003.0 Detailed Requirements. 
1003.1 Safety Requirements. The construction of boil- 
ers and pressure vessels and the installation thereof shall be 
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in accordance with minimum requirements for safety from 
structural and mechanical failure and excessive pressures as 
established by the Authority Having Jurisdiction in accor- 
dance with nationally recognized standards. 

1003.2 Controls. Required electrical, mechanical, safety, 
and operating controls shall carry the approval of an approved 
testing agency or be accepted by the Authority Having Juris- 
diction. Electrical controls shall be of such design and con- 
struction as to be suitable for installation in the environment 
in which they are located. 


1003.2.1 Automatic Boilers. Automatic boilers shall 
be equipped with controls and limit devices in accor- 
dance with ASME CSD-1 or Table 1003.2.1. 


The Authority Having Jurisdiction shall have the 
authority to approve solid-fuel-fired boilers that comply 
with the safety requirements for automatic gas fired boil- 
ers or oil fired boilers. 


1003.3 Gauges. Steam boilers shall be provided with a 
pressure gauge and a water level glass. Water boilers shall be 
provided with a pressure gauge and a temperature gauge. 
Automatic boilers shall be equipped with the following 
gauges, as applicable: 


(1) Oil temperature 

(2) Oil suction pressure 

(3) High and low gas pressure 
(4) Stack temperature 

(5) Windbox pressure 


1003.4 Stack Dampers. Stack dampers on boilers fired 
with oil or solid fuel shall not close off more than 80 percent 
of the stack area where closed, except on automatic boilers 
with prepurge, automatic draft control, and interlock. Opera- 
tive dampers shall not be placed within a stack, flue, or vent 
of a gas-fired boiler, except on an automatic boiler with pre- 
purge, automatic draft control, and interlock. 


1003.5 Welding. Welding on pressure vessels shall be done 
by certified welders in accordance with nationally recognized 
standards. 


1004.0 Expansion Tanks. 


1004.1 General. An expansion tank shall be installed in a 
hot-water-heating system as a means for controlling increased 
pressure caused by thermal expansion. Expansion tanks shall 
be of the closed or open type and securely fastened to the struc- 
ture. Tanks shall be rated for the pressure of the system. Sup- 
ports shall be capable of carrying twice the weight of the tank 
filled with water without placing a strain on connecting piping. 


Hot-water-heating systems incorporating hot water tanks 
or fluid relief columns shall be installed to prevent freezing 
under normal operating conditions. 


1004.2 Open-Type Expansion Tanks. Open type expan- 
sion tanks shall be located not less than 3 feet (914 mm) 
above the highest point of the system. Such tanks shall be 
sized based on the capacity of the system. An overflow with 
a diameter of not less than one-half the size of the supply or 
not less than | inch (25 mm) in diameter shall be installed at 
the top of the tank. The overflow shall discharge through an 
air gap into the drainage system. 


206 


1004.3 Closed-Type Systems. Closed-type systems shall 
have an airtight tank or other approved air cushion that will 
be consistent with the volume and capacity of the system, and 
shall be designed for a hydrostatic test pressure of two and 
one-half times the allowable working pressure of the system. 
Expansion tanks for systems designed to operate at more than 
30 pounds-force per square inch (psi) (207 kPa) shall comply 
with ASME BPVC Section VII. Provisions shall be made 
for draining the tank without emptying the system. 

1004.4 Minimum Capacity of Closed-Type Tank. The 
minimum capacity for a gravity-type hot water system expan- 
sion tank shall be in accordance with Table 1004.4(1). The 
minimum capacity for a forced-type hot water system expan- 
sion tank shall be in accordance with Table 1004.4(2), or 
Equation 1004.4. Equation 1004.4 shall not be used for 
diaphragm-type expansion tanks. 


y= (0.000417 - 0.0466) V, (Equation 1004.4) 


ee 
Pr 98 


= Minimum volume of expansion tank, gallons 


V 
t 
b= Nees of system, not including expansion tank, gal- 
ons 


t = Average operating temperature, °F 

P= Atmospheric pressure, feet HyO absolute 

P Fill pressure, feet HO absolute 

= Maximum operating pressure, feet HyO absolute 

For SI] units: 1 gallon = 3.785 L, °C = (°F-32)/1.8, 1 foot of water = 2.99 kPa 


II 


ica) 


TABLE 1004.4(1) 
EXPANSION TANK CAPACITIES FOR GRAVITY 


HOT WATER SYSTEMS! 
METALL VLEET, |) Shawica sty 
(square feet) (gallons) 
Up to 350 | 18 
\ Up to 450 by pai 
Up to 650 = r 24 
; Uo eer. whet 
L eg ee a ge 
em UP todo ey, et UMoe 
c Up to 1600 2 to 30 
Up to 1800 2 to 30 a 
Up to 2000 pa vr tent O98 : 
Up to 2400 2 to 40 n 


For SI units: 1 gallon = 3.785 L, 1 square foot = 0.0929 m? 

Notes: 

' Based on a two-pipe system with an average operating water temperature 
of 170°F (77°C), using cast-iron column radiation with a heat emission 
rate of 150 British thermal units per square foot hour [Btu/(ft?*h)] (473 
W/m’) equivalent direct radiation. 

2 For systems that exceed 2400 square feet (222.9 m’) of installed equiva- 
lent direct water radiation, the required capacity of the cushion tank shall 
be increased on the basis of 1 gallon (4 L) tank capacity per 33 square feet 
(3.1 m”) of additional equivalent direct radiation. 
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TABLE 1004.4(2) 
EXPANSION TANK CAPACITIES FOR FORCED 
HOT WATER SYSTEMS' 
SYSTEMVOLUME? — pjapHRAGMTYPE | DIAPHRAGM TYPE 
(gallons) (gallons) 
100 | ae Wc sic heen imp 
DDO thei nnd opetZinw conditions 280» | 
heli Ree 3000 Namie td 25: 4 ies 
HA00 eg. ures l 0 soe: bed 
00: thu A Darerirensi| B58. 
1000 sear potees) 150 byertl nage 
2000 165 300 
For SI units: 1 gallon=3.785L 4.) 
Notes: 


' Based on an average operating water temperature of 195°F (91°C), a fill 
pressure of 12 psig (83 kPa), and an operating pressure of not more than 
30 psig (207 kPa). 

2 Includes volume of water in boiler, radiation, and piping, not including 
expansion tank. 


1005.0 Safety or Relief Valve Discharge. 


1005.1 General. Pressurized vessels or boilers shall be pro- 
vided with overpressure protection by means of a listed pres- 
sure relief valve installed in accordance with the manufacturer’s 
installation instructions. 

1005.2 Discharge Piping. The discharge piping serving a 
temperature relief valve, pressure relief valve, or combina- 
tion of both shall have no valves, obstructions, or means of 
isolation and provided with the following: 


(1) Equal to the size of the valve outlet and shall discharge 
full size to the flood level of the area receiving the dis- 
charge and pointing down. 


(2) Materials shall be rated at not less than the operating tem- 
perature of the system and approved for such use. 


(3) Discharge pipe shall discharge independently by gravity 
through an air gap into the drainage system or outside of 
the building with the end of the pipe not exceeding 2 feet 
(610 mm) and not less than 6 inches (152 mm) above the 
ground and pointing downwards. 


(4) Discharge in such a manner that does not cause personal 
injury or structural damage. 


(5) No part of such discharge pipe shall be trapped or subject 
to freezing. 


(6) The terminal end of the pipe shall not be threaded. 


(7) Discharge from a relief valve into a water heater pan 
shall be prohibited. 


1005.3 Splash Shield. Where the operating temperature 
exceeds 212°F (100°C), the discharge pipe shall be installed 
with a splash shield or centrifugal separator. 


1005.4 Hazardous Discharge. Where the discharge from 
safety valves is capable of being hazardous, discharge of 
steam inside the boiler room, such discharge shall be dis- 
charged to the outside of the boiler room. Discharges from 
relief valves on industrial boilers shall be discharged to an 
approved location. 
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1005.5 Vacuum Relief Valve. Hot-water heating systems 
that are subjected to a vacuum while in operation or during 
shutdown shall be protected with a vacuum relief valve. 
Where the piping configuration, equipment location, and 
valve outlets are located below the boiler elevation, the sys- 
tem shall be equipped with a vacuum relief valve at the high- 
est point. 


1006.0 Shutoff Valves. 


1006.1 General. An approved manual shutoff valve shall 
be installed upstream of all control devices on the main burner 
of a gas-fired boiler. The takeoff point for the gas supply to 
the pilot shall be upstream of the gas shutoff valve of the main 
burner and shall be valved separately. A union or other 
approved means of disconnect shall be provided immediately 
downstream of these shutoff valves. 


1007.0 Gas-Pressure Regulators. 


1007.1 General. An approved gas-pressure regulator shall 
be installed on gas-fired boilers where the gas supply pres- 
sure is exceeding that at which the main burner is designed to 
operate. A separate approved gas-pressure regulator shall be 
installed to regulate the gas pressure to the pilot or pilots. 


1008.0 Low-Water Cutoff. 


1008.1 General. Hot water boilers and steam boilers shall 
be installed with a low-water cutoff. A coil-type boiler or a 
water-tube boiler that requires forced circulation to prevent 
overheating of the coils or tubes shall be installed with a flow- 
sensing device in the outlet piping in lieu of the low-water 
cutoff. The low-water cutoff or the flow sensing device shall 
be installed so as to prevent damage to the boiler and to per- 
mit testing of the fuel-supply cutoff without draining the heat- 
ing system. The low-water cutoff shall shut off the 
combustion at a water level setpoint that is in accordance with 
the boiler manufacturer’s instructions. 


1009.0 Combustion Regulators — Safety Valves. 


1009.1 General. The following requirements shall be 
retroactive: 


(1) Hot-water-heating boilers, other than manually fired, 
shall be equipped with two temperature combustion reg- 
ulators in series. Steam-heating boilers, other than man- 
ually fired, shall be equipped with a pressure combustion 
regulator and a low-water cutoff. (See Section 1008.0) 


(2) Boilers and pressure vessels shall be provided with the 
required number, size, and capacity of safety or relief 
valves to ensure positive relief of overpressure in accor- 
dance with nationally recognized standards, as applica- 
ble. Valves so employed shall be constructed, sealed, and 
installed in accordance with nationally recognized stan- 
dards, as applicable. 


207 


BOILERS AND PRESSURE VESSELS 


1010.0 Clearance for Access. 


1010.1 General. Where boilers are installed or replaced, 
clearance shall be provided to allow access for inspection, 
maintenance, and repair. Passageways around all sides of 
boilers shall have an unobstructed width of not less than 18 
inches (457 mm). Clearance for repair and cleaning shall be 
permitted to be provided through a door or access panel into 
another area, provided the opening is of sufficient size. 


Exception: Subject to the approval of the Authority Having 
Jurisdiction, boilers shall be permitted to be installed with a 
side clearance of less than 18 inches (457 mm), provided that 
the lesser clearance does not inhibit inspection, maintenance, 
or repair. 


1010.2 Power Boilers. Power boilers having a steam-gen- 
erating capacity in excess of 5000 pounds per hour (Ib/h) 
(0.6299 kg/s) or having a heating surface in excess of 1000 
square feet (92.9 m’) or input in excess of 5 000 000 Btu/h 
(1464 kW) shall have a clearance of not less than 7 feet (2134 
mm) from the top of the boiler to the ceiling. 


1010.3 Steam-Heating Boilers, Hot Water Boilers, and 
Power Boilers. Steam-heating boilers and hot-water-heat- 
ing boilers that exceed one of the following limits: 


(1) 5.000 000 Btu/h input (1464 kW) 
(2) 5000 pounds steam per hour (0.6299 kg/s) capacity 
(3) 1000 square foot (92.9 m’) heating surface 
Power boilers that do not exceed one of the following 
limits: 
(1) 5 000 000 Btu/h input (1464 kW) 
(2) 5000 pounds steam per hour (0.6299 kg/s) capacity 
(3) 1000 square foot (92.9 m’) heating surface 


Boilers with manholes on top of the boiler, except those 
described in Section 1010.2 and Section 1010.4, shall have a 
clearance of not less than 3 feet (914 mm) from the top of the 
boiler to the ceiling. 


1010.4 Package Boilers, Steam-Heating Boilers, and 
Hot-Water-Heating Boilers. Package boilers, steam-heat- 
ing boilers, and hot-water-heating boilers with no manhole 
on top of the shell and not exceeding one of the above limits 
shall have a clearance of not less than 2 feet (610 mm) from 
the ceiling. 


1011.0 Boilers, Stokers, and Steam Generators. 


1011.1 General. The design, installation, and operation of 
single burner boilers, multiple burner boilers, stokers, and 
atmospheric fluidized-bed boilers with not less than a fuel 
input rating of 12.5 E+06 Btu/h (3.663 MW) to pulverized 
fuel systems, fired or unfired steam generators used to recover 
heat from combustion turbines and to other combustion tur- 
bine exhaust systems shall be in accordance with NFPA 85. 
That portion of the oil-burning system supplied on boilers and 
covered within the scope of NFPA 85 shall be installed in 
accordance with NFPA 835. 
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1012.0 Operating Adjustments and Instructions. 


1012.1 General. Hot water boiler installations, upon com- 
pletion, shall have controls set, adjusted, and tested by the 
installing contractor. A complete control diagram of a per- 
manent legible type, together with complete boiler operating 
instructions, shall be furnished by the installer for each instal- 
lation. 


1013.0 Inspections and Tests. 


1013.1 General. An installation for which a permit is 
required shall not be put into service until it has been 
inspected and approved by the Authority Having Jurisdiction. 


It shall be the duty of the owner or his authorized repre- 
sentative to notify the Authority Having Jurisdiction that the 
installation is ready for inspection and test. It also shall be the 
duty of the owner or his authorized representative to post in 
a conspicuous position on the installation a notice in sub- 
stantially the following form: “Warning! This installation has 
not been inspected and approved by the Authority Having 
Jurisdiction and shall not be covered or concealed until so 
inspected and approved,” and it shall be unlawful for anyone 
other than the Authority Having Jurisdiction to remove such 
notice. The Authority Having Jurisdiction shall require such 
tests as it deems necessary to determine that the installation 
is in accordance with the provision of this section. Such tests 
shall be made by the owner or his authorized representative 
in the presence of the Authority Having Jurisdiction. 


Exception: On installations designed and supervised by a 
registered design professional, the Authority Having Juris- 
diction shall have the authority to permit inspection and test- 
ing by such registered design professional. 


Where the owner or his authorized representative 
requests inspection of a boiler prior to its installation, the 
Authority Having Jurisdiction shall make such inspection. 


1013.2 Operating Permit. It shall be unlawful to operate a 
boiler or pressure vessel without first obtaining a valid oper- 
ating permit to do so from the Authority Having Jurisdiction. 
Such permit shall be displayed in a conspicuous place adja- 
cent to the boiler or vessel. The operating permit shall not be 
issued until the equipment has been inspected and approved 
by the Authority Having Jurisdiction. 


Exception: The operation of steam-heating boilers, low-pres- 
sure hot-water-heating boilers, hot water supply boilers, and 
pressure vessels in residential occupancies of less than six 
dwelling units and utility occupancies. 


1013.3 Maintenance Inspection. The Authority Having 
Jurisdiction shall inspect boilers and pressure vessels oper- 
ated under a permit in accordance with ASHRAE/ACCA 180 
at such intervals as deemed necessary, but not less frequently 
than in accordance with Section 1013.4 through Section 
1013.7. 


1013.4 Power and Miniature Boilers. Power boilers and 
miniature boilers shall be inspected externally annually. 
Where construction and operating conditions permit, they 
shall be subject to inspection internally annually. 
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1013.5 Steam-Heating and Water-Heating Boilers. 
Steam-heating boilers and hot-water-heating boilers shall be 
inspected externally annually. Where construction and oper- 
ating conditions permit, they shall also be subject to inspec- 
tion internally annually. 


1013.6 Automatic Steam-Heating Boilers. Automatic 
steam-heating boilers shall be inspected externally biennially. 
Where construction and operating conditions permit, they 
shall be subject to inspection internally biennially. 


1013.7 Unfired Pressure Vessels. Unfired pressure ves- 
sels shall be inspected externally biennially. Where subject 
to corrosion and construction permits, they shall be subject 
to inspection internally biennially. 


Inspection of boilers and pressure vessels covered by 
insurance shall be permitted to be made by employees of the 
insuring company holding commissions from the National 
Board of Boiler and Pressure Vessel Inspectors, subject to 
approval of the Authority Having Jurisdiction. Approved 
insuring company inspectors shall make reports on prescribed 
forms on inspections authorized by the Authority Having 
Jurisdiction. The reports shall be filed in the Authority Hav- 
ing Jurisdiction office. Company inspectors shall notify the 
Authority Having Jurisdiction of suspension of insurance 
because of dangerous conditions, new insurance in effect, and 
discontinuance of insurance coverage. 


1014.0 Operation and Maintenance of Boilers and 
Pressure Vessels. 


1014.1 General. Boilers and pressure vessels shall be oper- 
ated and maintained in accordance with requirements for pro- 
tection of the public established by the Authority Having 
Jurisdiction in accordance with nationally recognized stan- 
dards. 


The Authority Having Jurisdiction shall notify the owner 
or authorized representative of defects or deficiencies and 
properly corrected. Where such corrections are not made, or 
where the operation of the boiler or pressure vessel is deemed 
unsafe by the Authority Having Jurisdiction, they shall have 
the authority to revoke the permit to operate the boiler or pres- 
sure vessel. Where the operation of a boiler or pressure ves- 
sel is deemed by the Authority Having Jurisdiction to 
constitute an immediate danger, the pressure on such boiler or 
pressure vessel shall be permitted to be relieved at the 
owner’s cost and the boiler or pressure vessel shall not there- 
after be operated without the approval of the Authority Hav- 
ing Jurisdiction. 
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FOOTNOTES FOR TABLE 1003.2.1 (continued) 


Fuel input shall be determined by one of the following: 
The burner input shall not exceed the input shown on the burner nameplate or as otherwise identified by the manufacturer. 
The nominal boiler rating, as determined by the building official, plus 25 percent. 


Automatic boilers shall have one flame failure device on each burner, which shall prove the presence of an ignition source at the point where it will ignite 
the main burner, except that boiler groups A, B, E, F, and G, which are equipped with direct electric ignition, shall monitor the main burner, and boiler 
groups using interrupted pilots shall monitor the main burner after the prescribed limited trial and ignition periods. Boiler group A, equipped with continu- 
ous pilot, shall accomplish 100 percent shutoff within 90 seconds upon pilot flame failure. The use of intermittent pilots in boiler group C is limited to 
approved burner units. 

In boiler groups B, C, and D a 90 second main burner flame failure limit shall be permitted to be applied where continuous pilots are provided on manufac- 
turer assembled boiler-burner units that have been approved by an approved testing agency in accordance with nationally recognized standards approved by 
the building official. Boiler groups F and G equipped to re-energize their ignition systems within 0.8 second after main burner flame failure will be permit- 
ted 30 seconds for group F or 15 seconds for group G to re-establish their main burner flames. 


4 Boiler groups C and D shall have controls interlocked to accomplish a non-recycling fuel shutoff upon high or low gas pressure, and boiler groups F, G, and 


6 


_ 


H using steam or air for fuel atomization shall have controls interlocked to accomplish a nonrecycling fuel shutoff upon low atomizing steam or air pressure. 
Boiler groups F, G, and H equipped with a preheated oil system shall have controls interlocked to provide fuel shutoff upon low oil temperature. 


Automatic boilers shall have controls interlocked to shut off the fuel supply in the event of draft failure where forced or induced draft fans are used or, in the 
event of low combustion airflow, where a gas power burner is used. Where a single motor directly driving both the fan and the oil pump is used, a separate 
control is not required. 


Boiler groups C, D, and H, where firing in excess of 400 000 Btu/h (117 kW) per combustion chamber, shall be provided with low fire start of its main burner 
system to permit smooth light-off. This will normally be a rate of one-third of its maximum firing rate. 


Boiler groups C, D, and H shall not permit pilot or main burner trial for ignition operation before a purging operation of sufficient duration to permit not less 
than four complete air changes through the furnace, including a combustion chamber and the boiler passes. Where this is not readily determinable, five com- 
plete air changes of the furnace, including combustion chamber up to the first pass, will be considered equivalent. An atmospheric gas burner with no mechan- 
ical means of creating air movement or an oil burner that obtains two-thirds or more of the air required for combustion without mechanical means of creating 
air movement shall not require purge by means of four air changes, so long as its secondary air openings are not provided with means of closing. Where such 
burners have means of closing secondary air openings, a time delay shall be provided that puts these closures in a normally open position for four minutes 
before an attempt for ignition. An installation with a trapped combustion chamber shall, in every case, be provided with a mechanical means of creating air 
movement for purging. 

An automatic hot-water-heating boiler, low-pressure hot-water-heating boiler, and power hot water boiler shall be equipped with two high-temperature limit 
controls with a manual reset on the control, with the higher setting interlocked to shut off the main fuel supply, except that manual reset on the high-tem- 
perature limit control shall not be required on an automatic package boiler not exceeding 400 000 Btu/h (117 kW) input and that has been approved by an 
approved testing agency. An automatic hot-water heating, power boiler, and package hot-water supply boiler shall be equipped with one low-water level limit 
control with a manual reset interlocked to shut off the fuel supply, so installed as to prevent damage to the boiler and to permit testing of the control with- 
out draining the heating system, except on boilers used in Group R Occupancies of less than six units and in Group U Occupancies and further, except that 
the low-water level limit control is not required on package hot-water supply boilers approved by a nationally recognized testing agency. However, a low- 
water flow limit control installed in the circulating water line shall be permitted to be used instead of the low-water level limit control for the same purpose 
on coil-type boilers. 

An automatic low-pressure steam-heating boiler, small power boiler, and power steam boiler shall be equipped with two high-steam pressure limit controls 
interlocked to shut off the fuel supply to the main burner with manual reset on the control, with the higher setting and two low-water-level limit controls, 
one of which shall be provided with a manual reset device and independent of the feed water controller. Coil-type flash steam boilers shall be permitted to 
use two high-temperature limit controls, one of which shall be manually reset in the hot water coil section of the boiler instead of the low-water level limit 
control. 

Boiler groups C, D, and H shall use an approved automatic reset safety shutoff valve for the main burner fuel shutoff, which shall be interlocked to the pro- 
gramming control devices required. On oil burners where the safety shutoff valve will be subjected to pressures in excess of 10 psi (69 kPa) where the burner 
is not firing, a second safety shutoff valve shall be provided in series with the first. Boiler groups C and D using gas in excess of | psi (7 kPa) pressure or 
having a trapped combustion chamber or employing horizontal fire tubes shall be equipped with two approved safety shutoff valves, one of which shall be 
an automatic reset type, one of which shall be permitted to be used as an operating control, and both of which shall be interlocked to the limit-control devices 
required. Boiler groups C and D using gas in excess of | psi (7 kPa) pressure shall be provided with a permanent and ready means for making periodic tight- 
ness checks of the main fuel safety shutoff valves. 

Control and limit device systems shall be grounded with operating voltage not to exceed 150 volts, except that, upon approval by the building official, exist- 
ing control equipment to be reused in an altered boiler control system shall be permitted to use 220 volts single phase with one side grounded, provided such 
voltage is used for all controls. Control and limit devices shall interrupt the ungrounded side of the circuit. A readily accessible means of manually discon- 
necting the control circuit shall be provided with controls so arranged that where they are de-energized, the burner shall be inoperative. 
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CALIFORNIA MECHANICAL CODE — MATRIX ADOPTION TABLE 


CHAPTER 11 — REFRIGERATION 


(Matrix Adoption Tables are non-regulatory, intended only as an aid to the code user. See Chapter 1 for state agency authority and building applications.) 


Adopting Agency 


BSC 


BSC- 
CG 


SFM 


HCD 


AC 


DSA 


SS | SS/CC 


1R 


OSHPD 


BSCC 


DPH 


AGR 


DWR 


CEC CA 


SL | SLC 


Adopt Entire Chapter 


Adopt Entire Chapter as 
amended (amended sections 
listed below) 


Adopt only those sections 
that are listed below 


Chapter/Section 


1104.3, Exception 
11104.6, Exceptions 1 & 2 
1108.4 

Table 1104.1 


Xx 


sae 


| 


xi 


a 


ees | 
This state agency does not adopt sections identified with the following symbol: + 


= 


xX 


> 4 


xX 


x 


xX 


The Office of the State Fire Marshal's adoption of this chapter or individual sections is applicable to structures regulated by other state agencies pursuant to 


Section 1.11.0. 
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CHAPTER 11 
REFRIGERATION 


1101.0 General. 


1101.1 Applicability. Part I governs the design, installation, 
and construction of refrigeration systems, equipment, refrig- 
erant piping, pressure vessels, safety devices, replacement of 
parts, alterations, and substitution of different refrigerants. 
Part II governs the installation and construction of cooling 
towers. 


1101.2 Equipment. Equipment for refrigerant recovery, 
recycling, or both shall comply with UL 1963. 


Part | — Refrigeration Systems. 


1102.0 Refrigeration Systems. 


1102.1 General. Refrigeration systems using a refrigerant 
other than ammonia shall comply with this chapter and 
ASHRAE 15. 


1102.2 Ammonia Refrigeration Systems. Refrigeration 
systems using ammonia as the refrigerant shall comply with 
HAR 2, ILAR 3, HAR 4, and IIAR 5 and shall not be required 
to comply with this chapter. 


1102.3 Refrigerants. The refrigerant used shall be of a type 
listed in Table 1102.3 or in accordance with ASHRAE 34 
where approved by the Authority Having Jurisdiction. 


Exception: Lithium bromide absorption systems using water 
as the refrigerant. 


1103.0 Classification. 


1103.1 Classification of Refrigerants. Refrigerants shall 
be classified in accordance with Table 1102.3 or in accor- 
dance with ASHRAE 34 where approved by the Authority 
Having Jurisdiction. 


1103.1.1 Safety Group. Table 1102.3 classifies refrig- 
erants by toxicity and flammability, and assigns safety 
groups using combinations of toxicity class and flam- 
mability class. For the purposes of this chapter, the 
refrigerant Groups Al, A2L, A2, A3, Bl, B2L, B2, and 
B3 shall be considered to be individual and distinct safety 
groups. Each refrigerant is assigned into not more than 
one group. 


1103.2 Classification of Refrigeration Systems. 
Refrigeration systems shall be classified according to the 
degree of probability that a leakage of refrigerant will enter an 
occupancy-classified area in accordance with Section 
1103.2.1 and Section 1103.2.2. [ASHRAE 15:5.2] 


1103.2.1 High-Probability System. Systems in 
which the basic design, or the location of components, is 
such that a leakage of refrigerant from a failed connec- 
tion, seal, or component will enter the occupied space 
shall be classified as high-probability systems. A high- 
probability system shall be a direct system or an indirect 
open spray system in which the refrigerant is capable of 
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producing pressure that is more than the secondary 
coolant. [ASHRAE 15:5.2.1] 


1103.2.2 Low-Probability System. Systems in which 
the basic design, or the location of the components, is 
such that a leakage of refrigerant from a failed connec- 
tion, seal, or component is not capable of entering the 
occupied space shall be classified as low-probability sys- 
tems. A low-probability system shall be an indirect 
closed system, double indirect system, or an indirect 
open spray system. In a low-probability indirect open 
spray system, the secondary coolant pressure remains 
more than the refrigerant pressure in operating and 
standby conditions. [ASHRAE 15:5.2.2] 


1103.3 Higher Flammability Refrigerants. Group A3 
and B3 refrigerants shall not be used except where approved 
by the Authority Having Jurisdiction. 


Exceptions: 


(1) Laboratories with more than 100 square feet (9.29 m7) 
of space per person. 


(2) Industrial occupancies. 


(3) Listed self-contained systems containing not more than | 
0.331 pounds (0.150 kg) of Group A3 refrigerant, pro- 
vided that the equipment is installed in accordance with 
the listing and the manufacturer’s installation instruc- 
tions. [ASHRAE 15:7.5.3] 


1104.0 Requirements for Refrigerant and Refrigera- 
tion System Use. 


1104.1 System Selection. Refrigeration systems shall be 
limited in application in accordance with Table 1104.1, and 
the requirements of Section 1104.0. 


1104.2 Refrigerant Concentration Limit. The concen- 
tration of refrigerant in a complete discharge of an independ- 
ent circuit of high-probability systems shall not exceed the 
amounts shown in Table 1102.3, except as provided in Sec- 
tion 1104.3 and Section 1104.4. The volume of occupied 
space shall be determined in accordance with Section 
1104.2.1 through Section 1104.2.3. 


Exceptions: 


(1) Listed equipment containing not more than 6.6 pounds 
(2.99 kg) of refrigerant, regardless of the refrigerant 
safety classification, provided the equipment is installed 
in accordance with the listing and with the manufac- 
turer’s installation instructions. 


(2) Listed equipment for use in laboratories with more than 
100 square feet (9.29 m7”) of space per person, regardless 
of the refrigerant safety classification, provided that the 
equipment is installed in accordance with the listing and 
the manufacturer’s installation instructions. [ASHRAE 
L5ige2| 
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1104.2.1 Volume Calculations. The volume used to 
convert from refrigerant concentration limits to refriger- 
ating system quantity limits for refrigerants in Section 
1104.2 shall be based on the volume of space to which 
refrigerant disperses in the event of a refrigerant leak. 
[ASHRAE 15:7.3] 


1104.2.2 Nonconnecting Spaces. Where a refriger- 
ating system or part thereof is located in one or more 
enclosed occupied spaces that do not connect through 
permanent openings or HVAC ducts, the volume of the 
smallest occupied space shall be used to determine the 
refrigerant quantity limit in the system. Where different 
stories and floor levels connect through an open atrium 
or mezzanine arrangement, the volume to be used in cal- 
culating the refrigerant quantity limit shall be determined 
by multiplying the floor area of the lowest space by 8.2 
feet (2499 mm). [ASHRAE 15:7.3.1] 


1104.2.3 Ventilated Spaces. Where a refrigerating 
system or a part thereof is located within an air handler, 
in an air distribution duct system, or in an occupied space 
served by a mechanical ventilation system, the entire air 
distribution system shall be analyzed to determine the 
worst-case distribution of leaked refrigerant. The worst 
case or the smallest volume in which the leaked refrig- 
erant disperses shall be used to determine the refrigerant 
quantity limit in the system, subject to the criteria in 
accordance with Section 1104.2.3.1 through Section 
1104.2.3.3. [ASHRAE 15:7.3.2] 


1104.2.3.1 Closures. Closures in the air distribu- 
tion system shall be considered. Where one or more 
spaces of several arranged in parallel are capable of 
being closed off from the source of the refrigerant 
leak, their volume(s) shall not be used in the calcu- 
lation. 


Exceptions: The following closure devices are not 
considered: 


(1) Smoke dampers, fire dampers, and combination 
smoke/fire dampers that close only in an emer- 
gency not associated with a refrigerant leak. 


(2) Dampers, such as variable-air-volume (VAV) 
boxes, that provide limited closure where air- 
flow is not reduced below 10 percent of its max- 
imum (with the fan running). [ASHRAE 
1S: Das by 


1104.2.3.2 Plenums. The space above a sus- 
pended ceiling shall not be included in calculating 
the refrigerating system quantity limits unless such 
space is part of the air supply or return system. 
[ASHRAE 15:7.3.2.2] 


1104.2.3.3 Supply and Return Ducts. The vol- 
ume of the supply and return ducts and plenums 
shall be included when calculating the refrigerating 
system quantity limits. [ASHRAE 15:7.3.2.3] 


1104.3 Institutional Occupancies. The RCL value 
required in Section 1104.2 shall be reduced by 50 percent for 
the areas of institutional occupancies. The total of Group A2, 
B2, A3, and B3 refrigerants shall not exceed 550 pounds 
(249.5 kg) in the occupied areas and machinery rooms of 
institutional occupancies. 


Exception: The total of all Group A2L refrigerants shall not 
be limited in machinery rooms of institutional occupancies. 


[OSHPD 1 & 4] Exception: For technology equipment cen- 
ters not attached to a patient care area the amounts shown in 
Table 1102.3 may be calculated at 100 percent. 


1104.4 Industrial Occupancies and Refrigerated 
Rooms. Section 1104.2 shall not apply in industrial occu- 
pancies and refrigerated rooms where in accordance with the 
following: 


(1) The space(s) containing the machinery is (are) separated 
from other occupancies by tight construction with tight- 
fitting doors. 


(2) Access is restricted to authorized personnel. 


(3) Refrigerant detectors are installed with the sensing loca- 
tion and alarm level as required in refrigeration machin- 
ery rooms in accordance with Section 1106.2.2.2. 


(4) Open flames and surfaces exceeding 800°F (427°C) shall 
not be permitted where a Group A2, B2, A3, or B3 refrig- 
erant, is used. 


(5) Electrical equipment that is in accordance with Class 1, 
Division 2, of NFPA 70 where the quantity of a Group 
A2, B2, A3, or B3 refrigerant in an independent circuit 
is capable of exceeding 25 percent of the lower flamma- 
bility limit (LFL) upon release to the space based on the 
volume determined in accordance with Section 1104.2.1 
through Section 1104.2.3. 


(6) Refrigerant containing parts in systems exceeding 100 
horsepower (74.6 kW) compressor drive power, except 
evaporators used for refrigeration or dehumidification, 
condensers used for heating, control and pressure-relief 
valves for either, low-probability pumps, and connecting | 
piping, are located in a machinery room or outdoors. 
[ASHRAE 15:7.2.2] 


1104.5 Flammable Refrigerants. The total of Group A2, 
B2, A3, and B3 refrigerants, other than Group A2L and B2L 
refrigerants shall not exceed 1100 pounds (498.9 kg) without 
approval by the Authority Having Jurisdiction. Institutional 
Occupancies shall comply with Section 1104.3. 

1104.6 Applications for Human Comfort and for Non- 

industrial Occupancies. In nonindustrial occupancies, 

Group A2, A2L, A3, B1, B2L, B2, and B3 refrigerants shall | 

not be used in high-probability systems for human comfort. 

Exceptions: 

(1) Listed equipment, units having a factory-sealed refrig- 
erating system, containing no more than 2.2 lbs. (1kg) of 
AQL refrigerant installed in accordance with the listing 
and the manufacturer 8 installation instructions. 
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(2) Listed equipment for non-residential applications, having 
a factory-sealed refrigerating system and containing no 
more than 4 lbs. (1.8 kg) of A2L refrigerant installed in 
accordance with the listing and the manufacturer's 
installation instructions. 


1104.7 Refrigerant Type and Purity. Refrigerants shall 
be of a type specified by the equipment manufacturer. Unless 
otherwise specified by the equipment manufacturer, refriger- 
ants used in new equipment shall be of purity in accordance 
with AHRI 700. 


1104.7.1 Recovered Refrigerants. Recovered refrig- 
erants shall not be reused except in the system from 
which they were removed or as provided in Section 
1104.7.2 or Section 1104.7.3. When contamination is 
evident by discoloration, odor, acid test results, or system 
history, recovered refrigerants shall be reclaimed in 
accordance with Section 1104.7.3 before reuse. 
[ASHRAE 15:7.5.1.4] 


1104.7.2 Recycled Refrigerants. Recycled refriger- 
ants shall not be reused except in systems using the same 
refrigerant and lubricant designation and belonging to 
the same owner as the systems from which they were 
removed. Where contamination is evident by discol- 
oration, odor, acid test results, or system history, recy- 
cled refrigerants shall be reclaimed in accordance with 
Section 1104.7.3. 


Exception: Drying shall not be required in order to use 
recycled refrigerants where water is the refrigerant, is 
used as an absorbent or is a deliberate additive. 
[ASHRAE 15:7.5.1.5] 


1104.7.3 Reclaimed Refrigerants. Used refrigerants 
shall not be reused in a different owner’s equipment 
unless tested and found to be in accordance with the 
requirements of AHRI 700. Contaminated refrigerants 
shall not be used unless reclaimed and is in accordance 
with AHRI 700. [ASHRAE 15:7.5.1.6] 


1104.7.4 Mixing. Refrigerants, including refrigerant 
blends, with different designations as in accordance with 
Table 1102.3 shall not be mixed in a system. 


Exception: Addition of a second refrigerant shall be per- 
mitted where specified by the equipment manufacturer 
to improve oil return at low temperatures. The refriger- 
ant and amount added shall be in accordance with the 
manufacturer’s instructions. [ASHRAE 15:7.5.1.7] 


1104.8 Changing Refrigerants. A change in the type of 
refrigerant in a system shall not be made without notifying 
the Authority Having Jurisdiction, the user, and due obser- 
vance of safety requirements. The refrigerant being consid- 
ered shall be evaluated for suitability. [ASHRAE 15:5.3] 


1105.0 General Requirements. 


1105.1 Human Comfort. Cooling systems used for human 
comfort shall be in accordance with the return-air and out- 
| side-air provisions for furnaces in Section 604.1 and Section 
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904.7. Cooling equipment used for human comfort in resi- 
dential buildings shall be selected in accordance with ACCA 
Manual S to satisfy the calculated loads determined in accor- 
dance with ACCA Manual J or other approved methods. 
Refrigerants used for human comfort shall be in accordance 
with Section 1104.6. 


1105.2 Supports and Anchorage. Supports and anchor- 
age for refrigeration equipment and piping shall be designed 
in accordance with the building code as Occupancy Category 
H (hazardous facilities). Supports shall be made of noncom- 
bustible materials. 


Exceptions: 


(1) Equipment containing Group A1 refrigerants shall be 
permitted to be supported by the same materials permit- 
ted for the building type. 


(2) The use of approved vibration isolators specifically 
designed for the normal, wind, and seismic loads encoun- 
tered, shall be permitted. 


A compressor or portion of a condensing unit supported 
from the ground shall rest on a concrete or other approved 
base extending not less than 3 inches (76 mm) above the 
adjoining ground level. 


1105.3 Access. An unobstructed readily accessible open- 
ing and passageway not less than 36 inches (914 mm) in 
width and 80 inches (2032 mm) in height shall be provided 
and maintained to the compressor, valves required by this 
chapter, or other portions of the system requiring routine 
maintenance. 


Exceptions: 


(1) Refrigerant evaporators, suspended overhead, shall be 
permitted to use portable means of access. 


(2) Air filters, brine control or stop valves, fan motors or 
drives, and remotely de-energized electrical connections 
shall be permitted to be provided access to an unob- 
structed space not less than 30 inches (762 mm) in depth, 
width, and height. Where an access opening is immedi- 
ately adjacent to these items and the equipment is capa- 
ble of being serviced, repaired, and replaced from this 
opening, the dimensions shall be permitted to be reduced 
to 22 inches (559 mm) by 30 inches (762 mm) provided 
the largest piece of equipment is removed through the 
opening. 

(3) Cooling equipment, using Group Al refrigerants or 
brine, located in an attic or furred space shall be permit- 
ted to be provided access by a minimum opening and 
passageway thereto of not less than 22 inches (559 mm) 
by 30 inches (762 mm). 


(4) Cooling or refrigeration equipment, using Group Al or 
B1 refrigerants or brine, located on a roof or on an exte- 
rior wall of a building, shall be permitted to be provided 
access as for furnaces in Section 304.3. 

1105.4 Illumination and Service Receptacles. In addi- 

tion to the requirements of Section 301.4, permanent lumi- 

naires shall be installed for equipment required by this code 
to be accessible or readily accessible. Such luminaires shall 
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provide illumination to perform the required tasks for which 
access is provided. Control of the illumination source shall 
be provided at the access entrance. 


Exceptions: 


|(1) Luminaires shall be permitted to be omitted where the 
fixed lighting of the building will provide the required 
illumination. 


(2) Equipment located on the roof or on the exterior walls of 
a building. 

1105.5 Ventilation of Rooms Containing Condensing 
Units. Where not in a refrigerant machinery room, rooms or 
spaces in which a refrigerant-containing portion of a con- 
densing unit is installed shall be provided with ventilation in 
accordance with Section 1105.5.1 or Section 1105.5.2. Ven- 
tilation for machinery rooms shall comply with Section 
1106.0. 


1105.5.1 Permanent Gravity Ventilation Open- 
ings. Permanent gravity ventilation openings of not less 
than 2 square feet (0.2 m’) net free area opening shall be 
terminated directly to the outside of the building or 
extend to the outside of the building by continuous ducts. 


1105.5.2 Mechanical Exhaust System. A mechan- 
ical exhaust system shall be designed to provide a com- 
plete change of air not less than every 20 minutes in such 
room or space and shall discharge to the outside of the 
building. 

Exceptions: 


(1) A condensing unit in a room or space where the 
cubical content exceeds 1000 cubic feet per horse- 
power (ft*/hp) (37.95 m?/kW) of the unit. 


(2) A condensing unit in a room or space that has per- 
manent gravity ventilation having an area of 2 
square feet (0.2 m’) or more to other rooms or open- 
ings exceeding 1000 ft?/hp (37.95 m?/kW). 


1105.6 Prohibited Locations. Refrigeration systems or 
portions thereof shall not be located within a required exit 
enclosure. Refrigeration compressors exceeding 5 horsepow- 
ers (3.7 kW) rating shall be located not less than 10 feet (3048 
mm) from an exit opening in a Group A; Group B; Group E; 
Group F; Group I; Group R, Division 1; or Group S Occu- 
pancy, unless separated by a one-hour fire-resistive occu- 
pancy separation. 

1105.7 Condensate. Condensate from air-cooling coils 
shall be collected and drained to an approved location. Drain 
pans and coils shall be arranged to allow thorough drainage 
and access for cleaning. Where temperatures drop below 
freezing, heat tracing and insulation of condensate drains shall 
be installed. 

1105.8 Defrost. Where defrost cycles are required for por- 
tions of the system, provisions shall be made for collection 
and disposal of the defrost liquid in a safe and sanitary man- 
ner. 


1105.9 Overflows. Where condensate or defrost liquids are 
generated in an attic or furred space, and structural damage 
will result from overflow, provisions for overflow shall be 
provided. 
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1105.10 Condensate, Defrost, and Overflow Dis- 
posal. Disposal of condensate, defrost, or overflow dis- 
charges shall comply with Section 310.0. 


1105.11 Refrigerant Port Protection. Air conditioning 
refrigerant circuit access ports located outdoors shall be pro- 
tected from unauthorized access with locking-type tamper- 
resistant caps or in a manner approved by the Authority 
Having Jurisdiction. 


Exception: Refrigerant ports in secure locations protected by 
walls or fencing and requiring key access. 


1105.12 Storage. Refrigerants and refrigerant oils not 
charged within the refrigeration system shall be stored in 
accordance with Section 1105.12.1 and the fire code. Storage 
of materials in a refrigeration machinery room shall comply 
with the fire code. 


1105.12.1 Quantity. The total amount of refrigerant 
stored in a machinery room in all containers not provided 
with relief valves and piping in accordance with Section 
1113.0 shall not exceed 330 pounds (149.7 kg). Refrig- 
erant shall be stored in approved storage containers. 
Additional quantities of refrigerant shall be stored in an 
approved storage facility. [ASHRAE 15:11.5] 


1106.0 Refrigeration Machinery Rooms. 


1106.1 Where Required. Refrigeration systems shall be 
provided with a refrigeration machinery room where the con- 
ditions as outlined in Section 1106.1.1 through Section 
1106.1.4 exist. 
Exception: Refrigeration equipment shall be permitted to be 
located outdoors in accordance with ASHRAE 15. 
1106.1.1 Quantity. The quantity of refrigerant in a sin- 
gle, independent refrigerant circuit of a system exceeds 
the amounts of Table 1102.3. 
1106.1.2 Equipment. Direct- and indirect-fired absorp- 
tion equipment is used. 
Exception: Direct and indirect-fired lithium bromide 
absorption systems using water as the refrigerant. 
1106.1.3 A1 System. An Al system having an aggre- 
gate combined compressor horsepower of 100 (74.6 kW) 
or more is used. 
1106.1.4 A1 Refrigerant. The system contains other 
than a Group AI refrigerant. 


Exceptions: 


(1) Lithium bromide absorption systems using water as 
the refrigerant. 


(2) Systems containing less than 300 pounds (136.1 kg) 
of refrigerant R-123 and located in an approved 
exterior location. 


Refrigeration machinery rooms shall house refrig- 
erant-containing portions of the system other than the 
piping and evaporators permitted by Section 1104.4, dis- 
charge piping required of this chapter, and cooling tow- 
ers regulated by Part II of this chapter, and their essential 
piping. 
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1106.2 Refrigeration Machinery Room, General 
Requirements. Where a refrigeration system is located 
indoors and a machinery room is required in accordance with 
Section 1106.1, the machinery room shall be in accordance 
with Section 1106.2.1 through Section 1106.2.5.2. 


1106.2.1 Access. Machinery rooms shall not be pro- 
hibited from housing other mechanical equipment unless 
specifically prohibited elsewhere in this chapter. A 
machinery room shall be so dimensioned that parts are 
accessible with space for service, maintenance, and oper- 
ations. There shall be clear head room of not less than 
7.25 feet (2210 mm) below equipment situated over pas- 
sageways. [ASHRAE 15:8.11.1] 


1106.2.2 Openings. Each refrigeration machinery 
room shall have a tight-fitting door or doors opening out- 
ward, self-closing where they open into the building and 
adequate in number to ensure freedom for persons to 
escape in an emergency. With the exception of access 
doors and panels in air ducts and air-handling units in 
accordance with Section 1106.6, there shall be no open- 
ings that will permit passage of escaping refrigerant to 
other parts of the building. [ASHRAE 15:8.11.2] 


1106.2.2.1 Detectors and Alarms. Each refrig- 
eration machinery room shall contain one or more 
refrigerant detectors in accordance with Section 
1106.2.2.2, located in areas where refrigerant from 
a leak will concentrate, that actuate an alarm and 
mechanical ventilation in accordance with Section 
1106.2.4 at a set point not more than the correspon- 
ding Occupational Exposure Limit, OEL, in accor- 
dance with Table 1102.3, a set point determined in 
accordance with the OEL as defined in Chapter 2 
shall be approved by the Authority Having Jurisdic- 
tion. The alarm shall annunciate visual and audible 
alarms inside the refrigeration machinery room and 
outside each entrance to the refrigeration machinery 
room. The alarms required in this section shall be of 
the manual reset type with the reset located inside 
the refrigeration machinery room. Alarms set at 
other levels, such as IDLH, and automatic reset 
alarms shall be permitted in addition to those 
required in accordance with this section. The mean- 
ing of each alarm shall be clearly marked by signage 
near the annunciator. 


Exception: Refrigerant detectors are not required 
where only systems using R-718 (water) are located 
in the refrigeration machinery room. 


1106.2.2.2 Refrigerant Detectors. Refrigerant 

detectors required in accordance with Section 

1106.2.2.1 or Section 1107.1.7 shall meet all of the 
following conditions: 

(1) The refrigerant detector shall perform automatic 
self-testing of sensors. Where a failure is 
detected, a trouble signal shall be activated. 

(2) The refrigerant detector shall have one or more 


set points to activate responses in accordance 
with Section 1106.2.2.1 or Section 1107.1.7. 
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(3) The refrigerant detector as installed, including 
any sampling tubes, shall activate responses 
within a time not to exceed 30 seconds after 
exposure to refrigerant concentration exceeding 
the set point value specified in Section 
1106.2.2.1 or Section 1107.1.7. 


1106.2.3 Mechanical Ventilation. Machinery rooms 
shall be vented to the outdoors, utilizing mechanical ven- 
tilation in accordance with Section 1106.2.4 and Section 
LIVGeaS? 


1106.2.4 Ventilation. Mechanical ventilation referred 
to in Section 1106.2.3 shall be by one or more power- 
driven fans capable of exhausting air from the machinery 
room at not less than the amount shown in accordance 
with Section 1106.2.5. 


To obtain a reduced airflow for normal ventilation, 
multiple fans or multispeed fans shall be used. Provision 
shall be made to supply makeup air to replace that being 
exhausted. Ducts for supply and exhaust to the machin- 
ery room shall serve no other area. The makeup air sup- 
ply locations shall be positioned relative to the exhaust 
air locations to avoid short-circuiting. Inlets to the 
exhaust ducts shall be located in an area where refriger- 
ant from a leak will concentrate, in consideration of the 
location of the replacement supply air paths, refrigerating 
machines, and the density of the refrigerant relative to 
air. 


Inlets to exhaust ducts shall be within | foot (305 mm) 

of the lowest point of the machinery room for refrigerants 
that are heavier than air, and shall be within | foot (305 
mm) of the highest point for refrigerants that are lighter 
than air. The discharge of the exhaust air shall be to the out- 
doors in such a manner as not to cause a nuisance or dan- 
ger. 
1106.2.5 Emergency Ventilation-Required Air- 
flow. An emergency ventilation system shall be required 
to exhaust an accumulation of refrigerant due to leaks or 
a rupture of the system. The emergency ventilation 
required shall be capable of removing air from the 
machinery room in not less than the airflow quantity in 
Section 1106.2.5.1 or Section 1106.2.5.2. Where multi- 
ple refrigerants are present, then the highest airflow 
quantity shall apply. 

1106.2.5.1 Ventilation - A1, A2, A3, B1, B2L, 

B2 and B3 refrigerants. The emergency ventila- 

tion for Al, A2, A3, B1, B2L, B2 and B3 refriger- 

ants shall have the capacity to provide mechanical 
exhaust at a rate as determined in accordance with 

Equation 1106.2.5.1. 


Q=100VG (Equation 1106.2.5.1) 


Where: 
O = Air flow rate, cubic feet per minute. 
G = Refrigerant mass in largest system, pounds. 


For SI units: 1 cubic foot per minute = 0.00047 m*/s, 1 pound = 
0.453 kg 
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1106.2.5.2 Ventilation - Group A2L Refriger- 
ants. The emergency ventilation for A2L refriger- 
ants shall have the capacity to provide mechanical 
exhaust at a rate determined in accordance with 
Table 1106.2.5.2. 


TABLE 1106.2.5.2 
REQUIRED AIRFLOW FOR GROUP A2L REFRIGERANTS 


| Pagoip seen b — MINIMUM AIR FLOW* | 
Pe a ee are 4 - t (CFM) 
iiahnd sok Gimeaieie | 32.500 | 
i role 143% oy paneer th sige 2§ 600)" 
adn R464 Acts Ok __ 13.700 | 
ha, GEL ISRA44 Bod shal) DO POH UEROT TZ200R 
daltni I RAAS A) vid Coli LG RIOG 
Hi tRMAGAEMe e poy 505000 
Retayitol zie queda 50 200 
Ta a hack Re Tey Nh aR TIS GOO 
ita RAS TK EPP 14 900 
—_R-451B : 14 900 
pel Ewing s 31 500 
| Rvi3 1s uk atcedaesalieer ied oO ; 
; Saga VE gy le enalepn o8O00, 
) pRet34Gien soll to 32 800 | 
| apis vie RASA a nl llhaeigne ma The UD sd 
{coreg ! Resid tive 30 Uncle eroills tarinsied bADG fe 
rea tisaRel34yh yantlech of} To tniog @500)1 pili 
R-1234zeE 12 600 


For SI units: 1 cubic foot per minute = 0.00047 m?/s 
* The values were tabulated from the following equation: 


O41 = [(p-v:A)/(LFL-0.50)] (Equation 1106.2.5.2) 
Where: 
p = Refrigerant density, pounds per cubic feet (kg/m°). 
v = Refrigerant velocity equal to the refrigerant acoustic velocity (speed 
of sound), feet per second (m/s). 
A = Cross-section flow area of refrigerant leak, square feet (m°), 
A = 0.00136 ft” (0.000126 m?). 
LFL = Lower Flammability Limit, or ETFL¢9 where no LFL exist, pub- 
lished value in accordance with ASHRAE 34. 
Q42,= Minimum required air flow rate, conversion to other units of 
measures is permitted, cubic feet per second (m*/s). 


For exact ventilation rates and for refrigerants not listed, the ventilation 
rate shall be calculated using this equation. 


1106.3 Normal Operation. A part of the refrigeration 
machinery room mechanical ventilation shall be in accor- 
dance with the following: 

(1) Operated, where occupied, to supply not less than 0.5 
CFM/ft? (2.54 L/s/m?) of machinery room area or 20 
cubic feet per minute (9.44 L/s) per person. 

(2) Operable, where occupied at a volume required to not 
exceed the higher of a temperature rise of 18°F (10°C) 
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above inlet air temperature or a maximum temperature 

of 122°F (50°C). 
1106.4 Natural Ventilation. Where a refrigerating system 
is located outdoors more than 20 feet (6096 mm) from build- 
ings opening and is enclosed by a penthouse, lean-to, or other 
open structure, natural or mechanical ventilation shall be pro- 
vided. The requirements for such natural ventilation shall be 
in accordance with the following: 


(1) The free-aperture cross section for the ventilation of a 
machinery room shall be not less than as determined in 
accordance with Equation 1106.4. 


FavG (Equation 1106.4) 


Where: 
F = The free opening area, square feet. 


G = The mass of refrigerant in the largest system, any 
part of which is located in the machinery room, 
pounds. 


For SI units: 1 cubic foot per minute = 0.00047 m/s, 1 pound = 0.453 kg 


(2) The location of the gravity ventilation openings shall be 
based on the relative density of the refrigerant to air. 
[ASHRAE 15:8.11.5(a), (b)] 


1106.5 Combustion Air. No open flames that use combus- 
tion air from the machinery room shall be installed where 
refrigerant is used. Combustion equipment shall not be installed 
in the same machinery room with refrigerant-containing equip- 
ment except under one of the following conditions: 


(1) Combustion air shall be ducted from outside the machin- 
ery room and sealed in such a manner as to prevent 
refrigerant leakage from entering the combustion cham- 
ber. 


(2) A refrigerant detector, that is in accordance with Section 
1106.2.2.1, shall be installed to automatically shut down 
the combustion process in the event of refrigerant leak- 
age. 

Exception: Machinery rooms where carbon dioxide (R-744) 

or water (R-718) is the refrigerant. 


1106.6 Airflow. There shall be no airflow to or from an occu- 
pied space through a machinery room unless the air is ducted 
and sealed in such a manner as to prevent a refrigerant leak- 
age from entering the airstream. Access doors and panels in 
ductwork and air-handling units shall be gasketed and tight 
fitting. [ASHRAE 15:8.11.7] 


1106.7 Ventilation Intake. Makeup air intakes to replace 
the exhaust air shall be provided to the refrigeration machin- 
ery room directly from outside the building. Intakes shall be 
located as required by other sections of the code and fitted 
with backdraft dampers or other approved flow-control means 
to prevent reverse flow. Distribution of makeup air shall be 
arranged to provide thorough mixing within the refrigeration 
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machinery room to prevent short circuiting of the makeup air 
directly to the exhaust. 


1106.8 Maximum Temperature. Ventilation or mechani- 
cal cooling systems shall be provided to maintain a tempera- 
ture of not more than 104°F (40°C) in the refrigerant 
machinery room under design load and weather conditions. 


1106.9 Refrigerant Parts in Air Duct. Joints and refrig- 
erant-containing parts of a refrigerating system located in an 
air duct carrying conditioned air to and from an occupied 
space shall be constructed to withstand a temperature of 
700°F (371°C) without leakage into the airstream. [ASHRAE 
15:8.8] 


1106.10 Dimensions. Refrigeration machinery rooms shall 
be of such dimensions that system parts are readily accessi- 
ble with approved space for maintenance and operations. An 
unobstructed walking space not less than 36 inches (914 mm) 
in width and 80 inches (2032 mm) in height shall be main- 
tained throughout, allowing free access to not less than two 
sides of moving machinery and approaching each stop valve. 
Access to refrigeration machinery rooms shall be restricted 
to authorized personnel and posted with a permanent sign. 


1106.11 Restricted Access. Access to the refrigeration 
machinery room shall be restricted to authorized personnel. 
Doors shall be clearly marked or permanent signs shall be 
posted at each entrance to indicate this restriction. [ASHRAE 
15:8.11.8] 


1106.12 Exits. Exits shall comply with the building code for 
special hazards. 


1107.0 Machinery Room, Special Requirements. 


1107.1 General. In cases specified in the rules of Section 
1106.1, a refrigeration machinery room shall comply with the 
special requirements in accordance with Section 1107.1.1 
through Section 1107.1.10, in addition to Section 1106.2. 


1107.1.1 Flame-Producing Devices. There shall be 
no flame-producing device or continuously operating hot 
surface over 800°F (427°C) permanently installed in the 
room. 


1107.1.2 Doors. Doors communicating with the build- 
ing shall be approved, self-closing, tight-fitting fire 
doors. 


1107.1.3 Walls, Floors, and Ceilings. Walls, floor, 
and ceiling shall be tight and of noncombustible con- 
struction. Walls, floor, and ceiling separating the refrig- 
eration machinery room from other occupied spaces shall 
be not less than one-hour fire-resistive construction. 
1107.1.4 Machinery Rooms. The refrigeration 
machinery room shall have a door that opens directly to 
the outdoors or through a vestibule equipped with self- 
closing, tight-fitting doors. 

1107.1.5 Exterior Openings. Exterior openings, where 
present, shall not be under a fire escape or an open stair- 
way. 

1107.1.6 Sealing. All pipes piercing the interior walls, 
ceiling, or floor of such rooms shall be tightly sealed to 
the walls, ceiling, or floor through which they pass. 
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1107.1.7 Group A2L and B2L Refrigerants. Where 
refrigerant of Groups A2L or B2L are used, the require- 
ments of Class 1, Division 2, of the California Electrical 
Code, shall not apply to the machinery room provided 
that the conditions in Section 1107.1.7.1 through Section 
1107.1.7.3 are met. 


1107.1.7.1 Mechanical Ventilation. The mechani- 
cal ventilation system in the machinery room is run 
continuously in accordance with Section 1106.2.5 and 
failure of the mechanical ventilation system actuates 
an alarm, or the mechanical ventilation system in the 
machinery room is activated by one or more refriger- 
ant detectors, in accordance with the requirements of 
Section 1106.2.2.1 and Section 1106.2.2.2. 


1107.1.7.2 Refrigeration Detectors. For the 
refrigerant detection required in Section 1106.2.2.1, 
detection of refrigerant concentration that exceeds 
25 percent of the LFL or the upper detection limit 
of the refrigerant detector, whichever is lower, shall 
automatically de-energize the following equipment 
in the machinery room: 


(a) refrigerant compressors 
(b) refrigerant pumps 
(c) normally-closed automatic refrigerant valves 


1107.1.7.3 Machinery Rooms. The machinery 
room shall comply with Section 1107.1.8. 


1107.1.8 Group A2, A3, B2, or B3 Refrigerants. 
Where any refrigerant of Groups A2, A3, B2, or B3 are 
used, the machinery room shall comply with Class 1, 
Division 2, of the California Electrical Code. 


1107.1.9 Refrigeration Systems. As part of the 
mechanical ventilation system in accordance with Sec- 
tion 1106.2.4, refrigeration systems that contain more 
than 110 pounds (50 kg) of any Group A2L, A2, A3, 
B2L, B2, or B3, refrigerant shall have not less than one 
exhaust air inlet located adjacent to each system not more 
than 9 feet (3 m) away. 


1107.1.10 Remote Control. Remote control of the 
mechanical equipment in the refrigeration machinery 
room shall be provided immediately outside the machin- 
ery room door solely for the purpose of shutting down 
the equipment in an emergency. Ventilation fans shall be 
on a separate electrical circuit and have a control switch 
located immediately outside the machinery room door. 


1108.0 Refrigeration Machinery Room Equipment 
and Controls. 


1108.1 General. Equipment, piping, ducts, vents, or similar 
devices that are not essential for the refrigeration process, 
maintenance of the equipment, or for the illumination, venti- 
lation, or fire protection of the room shall not be placed in or 
pass through a refrigeration machinery room. 


1108.2 Electrical. Electrical equipment and installations 
shall comply with the electrical code. The refrigeration 
machinery room shall not be classified as a hazardous loca- 
tion except as provided in Section 1107.1.7 or Section 
1107.1.8. 
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1108.3 Emergency Shut-off. A clearly identified emer- 
gency shut-off switch of the break-glass type or with an 
approved tamper-resistant cover shall be provided immedi- 
ately adjacent to and outside of the principal refrigeration 
machinery room entrance. The switch shall provide off-only 
control of refrigerant compressors, refrigerant pumps, and 
normally-closed automatic refrigerant valves located in the 
machinery room. For other than Al and B1 refrigerants, 
emergency shutoff shall be automatically activated by refrig- 
erant Alarm 2 in accordance with Section 1106.2.2.1. 


1108.4 Installation, Maintenance, and Testing. Detec- 
tion and alarm systems in accordance with Section 1106.2.2.1 
shall be installed, maintained, and tested in accordance with 
the fire code and with the equipment manufacturer 8 specifi- 
cation. 


1108.5 Emergency Pressure Control System. Where 
required by the fire code, an emergency pressure control sys- 
tem shall be installed in accordance with applicable fire code 
requirements. 


1109.0 Refrigeration Piping, Containers, and Valves. 


1109.1 Materials. Materials used in the construction and 
installation of refrigerating systems shall be suitable for con- 
veying the refrigerant used. Materials shall not be used that 
will deteriorate because of the refrigerant, lubricant, or their 
combination in presence of air or moisture to a degree that 
poses a safety hazard. [ASHRAE 15:9.1.1] Refrigerant piping 
shall be metallic. 


1109.1.1 Copper and Copper Alloy Pipe. Copper 
and copper alloy refrigeration piping, valves, fittings, and 
related parts used in the construction and installation of 
refrigeration systems shall be approved for the intended 
use. Refrigeration piping shall comply with ASME 
B31.5. 


1109.1.2 Copper Linesets. Copper linesets shall com- 
ply with ASTM B280 or ASTM B1003. 


1109.1.3 Iron and Steel. Iron and steel refrigeration 
piping, valves, fittings, and related parts shall be 
approved for the intended use. Pipe exceeding 2 inches 
(50 mm) iron pipe size shall be electric-resistance welded 
or seamless pipe. Refrigeration piping shall comply with 
ASME B31.5. 


1109.1.4 Prohibited Contact. Aluminum, zinc, mag- 
nesium, or their alloys shall not be used in contact with 
methyl chloride. Magnesium alloys shall not be used 
where in contact with halogenated refrigerants. 
[ASHRAE 15:9.1.2] 


1109.2 Joints. Iron or steel pipe joints shall be of approved 
threaded, flanged, or welded types. Exposed threads shall be 
tinned or coated with an approved corrosion inhibitor. Cop- 
per or copper alloy pipe joints of iron pipe size shall be of 
approved threaded, flanged, press-connect or brazed types. 
Copper tubing joints and connections shall be connected by 
approved flared, lapped, swaged, or brazed joints, soldered 
joints, or mechanical joints that comply with UL 207 either 
individually or as part of an assembly or a system by an 
approved nationally recognized laboratory. Piping and tub- 
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ing shall be installed so as to prevent vibration and strains at 
joints and connections. 


1109.3 Penetration of Piping. Refrigerant piping shall not 
penetrate floors, ceilings, or roofs. 


Exceptions: 
(1) Penetrations connecting the basement and the first floor. 


(2) Penetrations connecting the top floor and a machinery 
penthouse or roof installation. 


(3) Penetrations connecting adjacent floors served by the 
refrigeration system. 


(4) Penetrations of a direct system where the refrigerant con- 
centration does not exceed that listed in Table 1102.3 for 
the smallest occupied space through which the refriger- 
ant piping passes. 

(5) In other than industrial occupancies and where the refrig- 
erant concentration exceeds that listed in Table 1102.3 
for the smallest occupied space, penetrations that con- 
nect separate pieces of equipment that are in accordance 
with one of the following: 


(a) Enclosed by an approved gastight, fire-resistive duct 
or shaft with openings to those floors served by the 
refrigerating system. 


(b) Located on the exterior wall of a building where 
vented to the outdoors or to the space served by the 
system and not used as an air shaft, closed court, or 
similar space. [ASHRAE 15:8.10.3] 


1109.4 Location of Refrigeration Piping. Refrigerant 
piping crossing an open space that affords passageway in a 
building shall be not less than 7.25 feet (2210 mm) above the 
floor unless the piping is located against the ceiling of such 
space and is permitted by the Authority Having Jurisdiction. 
[ASHRAE 15:8.10.1] 


1109.4.1 Protection from Mechanical Damage. 
Passages shall not be obstructed by refrigerant piping. 
Refrigerant piping shall not be located in an elevator, 
dumbwaiter, or other shaft containing a moving object, 
or in a shaft that has openings to living quarters, or to 
means of egress. Refrigerant piping shall not be installed 
in an enclosed public stairway, stair landing, or means 
of egress. [ASHRAE 15:8.10.2] 


1109.5 Underground Piping. Refrigerant piping placed 
underground shall be protected against corrosion. 


1109.5.1 Piping in Concrete Floors. Refrigerant 
piping installed in concrete floors shall be encased in a 
pipe duct. Refrigerant piping shall be isolated and sup- 
ported to prevent damaging vibration, stress, or corro- 
sion. [ASHRAE 15:8.10.4] 


1109.6 Support. In addition to the requirements of Section 
1105.2, piping and tubing shall be securely fastened to a per- 
manent support within 6 feet (1829 mm) following the first 
bend in such tubing from the compressor and within 2 feet 
(610 mm) of each subsequent bend or angle. Piping and tub- 
ing shall be supported at points not more than 15 feet (4572 
mm) apart. 
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1109.7 Pipe Enclosure. Refrigerant piping and tubing 
shall be installed so that it is not subject to damage from an 
external source. Soft annealed copper tubing shall not exceed 
1*% inches (35 mm) nominal size. Mechanical joints, other 
than approved press-connect joints, shall not be made on tub- 
ing exceeding *%4 of an inch (20 mm) nominal size. Soft 
annealed copper tubing conveying refrigerant shall be 
enclosed in iron or steel piping and fittings, or in conduit, 
molding, or raceway that will protect the tubing against 
mechanical injury from an exterior source. 


Exceptions: 


(1) Tubing entirely within or tubing within 5 feet (1524 mm) 
of a refrigerant compressor where so located that it is not 
subject to external injury. 


(2) Copper tubing serving a dwelling unit, where such tub- 
ing contains Group A1 refrigerant and is placed in loca- 
tions not subject to damage from an external source. 


1109.8 Visual Inspection. Refrigerant piping and joints 
erected on the premises shall be exposed to view for visual 
inspection prior to being covered or enclosed. 


Exception: Copper tubing enclosed in iron or steel piping 
conduit, molding, or raceway, provided there are no fittings 
or joints concealed therein. 

1109.9 Condensation. Piping and fittings that convey 
brine, refrigerant, or coolants that during normal operation 
are capable of reaching a surface temperature below the dew 
point of the surrounding air and that are located in spaces or 
areas where condensation will cause a hazard to the building 
occupants or damage to the structure, electrical or other 
equipment shall be protected to prevent such damage. 
1109.10 Identification. Piping shall be in accordance with 
the reference standard for identification. The type of refrig- 
erant, function and pressure shall be indicated. 


1110.0 Valves. 


1110.1 More than 6.6 Pounds of Refrigerant. Systems 
containing more than 6.6 pounds (2.99 kg) of refrigerant shall 
have stop valves installed at the following locations: 


(1) The suction inlet of a compressor, compressor unit, or 
condensing unit. 


(2) The discharge of a compressor, compressor unit, or con- 
densing unit. 


(3) The outlet of a liquid receiver. 

Exceptions: 

(1) Systems that have a refrigerant pumpout function capa- 
ble of storing the refrigerant charge, or are equipped with 
the provisions for pumpout of the refrigerant. 

(2) Self-contained systems. [ASHRAE 15:9.12.4] 

1110.2 More than 110 Pounds of Refrigerant. Systems 

containing more than 110 pounds (49.9 kg) of refrigerant 

shall have stop valves installed at the following locations: 

(1) The suction inlet of a compressor, compressor unit, or 
condensing unit. 

(2) The discharge outlet of a compressor, compressor unit, or 
condensing unit. 
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(3) The inlet of a liquid receiver, except for self-contained 
systems or where the receiver is an integral part of the 
condenser or condensing unit. 


(4) The outlet of a liquid receiver. 


(5) The inlets and outlets of condensers where more than one 
condenser is used in parallel in the systems. 


Exception: Systems that have a refrigerant pumpout function 
capable of storing the refrigerant charge, or are equipped with 
the provisions for pumpout of the refrigerant or self-contained 
systems. [ASHRAE 15:9.12.5] 


1110.3 Support. Stop valves installed in copper refrigerant 
lines of %4 of an inch (20 mm) or less outside diameter shall 
be supported independently of the tubing or piping. 


1110.4 Access. Stop valves required by Section 1110.0 shall 
be readily accessible from the refrigeration machinery room 
floor or a level platform. 


1110.5 Identification. Stop valves shall be identified by tag- 
ging in accordance with the reference standard for identifica- 
tion. A valve chart shall be mounted under glass at an 
approved location near the principal entrance to a refrigera- 
tion machinery room. 


1111.0 Pressure-Limiting Devices. 


1111.1 Where Required. Pressure-limiting devices com- 
plying with Section 1111.2 through Section 1111.4 shall be 
provided for compressors on all systems operating above 
atmospheric pressure. 


Exception: Pressure limiting devices are not required for 
listed factory-sealed systems containing less than 22 pounds 
(9.9 kg) of Group A1 refrigerant. [ASHRAE 15:9.9.1] 


1111.2 Setting. Pressure limiting devices shall be set in 
accordance with one the following: 


(1) For positive displacement compressors: 


(a) When systems are protected by a highside pressure 
relief device, the compressor’s pressure limiting 
device shall be set not more than 90 percent of the 
operating pressure for the highside pressure relief 
device. 


(b) When systems are not protected by a highside pres- 
sure relief device, the compressor’s pressure limiting 
device shall be set not more than the system’s high- 
side design pressure. 


(2) For nonpositive displacement compressors: 


(a) When systems are protected by a highside pressure 
relief device, the compressor’s pressure limiting 
device shall be set not more than 90 percent of the 
operating pressure for the highside pressure relief 
device. 


(b) When systems are protected by a lowside pressure 
relief device that is only subject to lowside pressure, 
and is provided with a permanent relief path 
between the systems’ highside and lowside, without 
intervening valves, the compressor’s pressure limit- 
ing device shall be set not more than the systems’ 
highside design pressure. [ASHRAE 15:9.9.2] 
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1111.3 Location. Stop valves shall not be installed between 
the pressure imposing element and pressure limiting devices 
serving compressors. [ASHRAE 15:9.9.3] 


1111.4 Emergency Stop. Activation of a pressure-limiting 
device shall stop the action of the pressure-imposing element. 
[ASHRAE 15:9.9.4] 


1112.0 Pressure-Relief Devices. 


1112.1 General. Refrigeration systems shall be protected by 
a pressure-relief device or other approved means to safely 
relieve pressure due to fire or abnormal conditions. 
[ASHRAE 15:9.4.1] 


1112.2 Positive Displacement Compressor. A positive 
displacement compressor with a stop valve in the discharge 
connection shall be equipped with a pressure-relief device 
that is sized, and with a pressure setting, in accordance with 
the compressor manufacturer to prevent rupture of the com- 
pressor or to prevent the pressure from increasing to more 
than 10 percent above the maximum allowable working pres- 
sure of components located in the discharge line between the 
compressor and the stop valve or in accordance with Section 
1113.5, whichever is larger. The pressure-relief device shall 
discharge into the low-pressure side of the system or in accor- 
dance with Section 1112.11. 


Exception: Hermetic refrigerant motor-compressors that are 
listed and have a displacement not more than 50 cubic feet 
per minute (1.42 m?/min). 


The relief device(s) shall be sized based on compressor 
flow at the following conditions: 


(1) For compressors in single-stage systems and high-stage 
compressors of other systems, the flow shall be calcu- 
lated based on 50°F (10°C) saturated suction tempera- 
ture at the compressor suction. 


(2) For low-stage or booster compressors in compound sys- 
tems, the compressors that are capable of running only 
where discharging to the suction of a high-stage com- 
pressor, the flow shall be calculated based on the satu- 
rated suction temperature equal to the design operating 
intermediate temperature. 


(3) For low-stage compressors in cascade systems, the com- 
pressors that are located in the lower-temperature 
stage(s) of cascade systems, the flow shall be calculated 
based on the suction pressure being equal to the pressure 
setpoint of the pressure-relieving devices that protect the 
lowside of the stage against overpressure. 

Exceptions: For Section 1112.2(1), Section 1112.2(2), and 

Section 1112.2(3), the discharge capacity of the relief device 

shall be permitted to be the minimum regulated flow rate of 

the compressor where the following conditions are met: 

(1) The compressor is equipped with capacity regulation. 

(2) Capacity regulation actuates to a flow at not less than 90 
percent of the pressure-relief device setting. 

(3) A pressure-limiting device is installed and set in accor- 


dance with the requirements of Section 1111.0. 
[ASHRAE 15:9.8] 
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1112.3 Liquid-Containing Portions of Systems. Liq- 
uid-containing portions of systems, including piping, that is 
isolated from pressure-relief devices required elsewhere, and 
that develops pressures exceeding their working design pres- 
sures due to temperature rise, shall be protected by the instal- 
lation of pressure-relief devices. 


1112.4 Evaporators. Heat exchanger coils located down- 
stream, or upstream within 18 inches (457 mm), of a heating 
source and capable of being isolated shall be fitted with a 
pressure-relief device that discharges to another part of the 
system in accordance with Section 1112.5 through Section 
1112.5.2 or outside any enclosed space in accordance with 
Section 1112.11. The pressure relief device shall be con- 
nected at the highest possible location of the heat exchanger 
or piping between the heat exchanger and its manual isola- 
tion valves. 


Exceptions: 


(1) Relief valves shall not be required on heat exchanger 
coils that have a design pressure more than 110 percent 
of refrigerant saturation pressure when exposed to the 
maximum heating source temperature. 


(2) A relief valve shall not be required on self-contained or 
unit systems where the volume of the lowside of the sys- 
tem, which is shut off by valves, is more than the spe- 
cific volume of the refrigerant at critical conditions of 
temperature and pressure, as determined in accordance 
with Equation 1112.4. 


Vp) Med meat dedet hoe (Equation 1112.4) 


Shall be more than V, " 


& 
Where: 
V; = Lowside volume, cubic foot (m°). 
V> = Total volume of system, cubic foot (m’). 
W, = Total weight of refrigerant in system, pounds (kg). 
Vor = Specific volume of refrigerant vapor at 110°F 
(43°C), cubic feet per pound (m?*/kg). 
Voc = Specific volume at critical temperature and pressure, 


cubic feet per pound (m?/kg). [ASHRAE 15:9.4.4] 


1112.5 Hydrostatic Expansion. Pressure rise resulting 
from hydrostatic expansion due to temperature rise of liquid 
refrigerant trapped in or between closed valves shall be 
addressed in accordance with Section 1112.5.1 and Section 
1112.5.2. [ASHRAE 15:9.4.3] 


1112.5.1 Hydrostatic Expansion During Normal 
Operation. Where trapping of liquid with subsequent 
hydrostatic expansion is capable of occurring automati- 
cally during normal operation or during standby, ship- 
ping, or power failure, engineering controls shall be used 
that are capable of preventing the pressure from exceed- 
ing the design pressure. Acceptable engineering controls 
include but are not limited to the following: 


(1) Pressure relief device to relieve hydrostatic pressure 
to another part of the system. 
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(2) Reseating pressure relief valve to relieve the hydro- 
static pressure to an approved treatment system. 
[ASHRAE 15:9.4.3.1] 


1112.5.2 Hydrostatic Expansion During Mainte- 
nance. Where trapping of liquid with subsequent hydro- 
static expansion is capable of occurring only during 
maintenance—t.e., when personnel are performing main- 
tenance tasks—either engineering or administrative con- 
trols shall be used to relieve or prevent the hydrostatic 
overpressure. [ASHRAE 15:9.4.3.2] 


1112.6 Actuation. Pressure-relief devices shall be direct- 
pressure actuated or pilot operated. Pilot-operated pressure- 
relief valves shall be self-actuated, and the main valve shall 
open automatically at the set pressure and, where an essential 
part of the pilot fails, shall discharge its full rated capacity. 
[ASHRAE 15:9.4.5] 


1112.7 Stop Valves Prohibited. Stop valves shall not be 
located between a pressure-relief device and parts of the sys- 
tem protected thereby. A three-way valve, used in conjunction 
with the dual relief valve in accordance with Section 1113.6, 
shall not be considered a stop valve. [ASHRAE 15:9.4.6] 


1112.8 Location. Pressure-relief devices shall be connected 
directly to the pressure vessel or other parts of the system pro- 
tected thereby. These devices shall be connected above the 
liquid refrigerant level and installed so that they are accessi- 
ble for inspection and repair, and so that they are not capable 
of being readily rendered inoperative. 


Exception: Where fusible plugs are used on the highside, 
they shall be located above or below the liquid refrigerant 
level. [ASHRAE 15:9.4.8] 


1112.9 Materials. The seats and discs of pressure-relief 
devices shall be constructed of compatible material to resist 
refrigerant corrosion or other chemical action caused by the 
refrigerant. Seats or discs of cast iron shall not be used. Seats 
and discs shall be limited in distortion, by pressure or other 
cause, to a set pressure change of not more than 5 percent in 
a span of five years. [ASHRAE 15:9.4.9] 


1112.10 Pressure-Relief Device Settings. Pressure- 
relief valves shall start to function at a pressure not exceed- 
ing the design pressure of the parts of the system protected. 


Exception: Relief valves that discharge into other parts of 
the system shall comply with Section 1112.11.3. [ASHRAE 
15: 9535} 


1112.10.1 Rupture Member Setting. Rupture mem- 
bers used in lieu of, or in series with, a relief valve shall 
have a nominal rated rupture pressure not exceeding the 
design pressure of the parts of the system protected. The 
conditions of application shall comply with ASME 
BPVC Section VIII. The size of rupture members 
installed ahead of relief valves shall not be less than the 
relief-valve inlet. [ASHRAE 15:9.5.2] 


1112.11 Discharge from Pressure-Relief Devices. 
Pressure-relief systems designed for vapor shall comply with 
Section 1112.11.1 through Section 1112.11.4.1. 
1112.11.1 Discharging Location Interior to Build- 
ing. Pressure-relief devices, including fusible plugs, 
serving refrigeration systems shall be permitted to dis- 
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charge to the interior of a building where in accordance 
with the following: 


(1) The system contains less than 110 pounds (49.9 kg) 
of a Group A1 refrigerant. 


(2) The system contains less than 6.6 pounds (2.99 kg) 
of a Group A2, B1 or B2 refrigerant. 


(3) The system does not contain any quantity of a Group 
A3 or B3 refrigerant. 


(4) The system is not required to be installed in a 
machinery room in accordance with Section 1106.0. 


(5) The refrigerant concentration limits in Section 
1104.2 are not exceeded. Refrigeration systems that 
do not comply with the above requirements shall 
comply with the requirements of Section 1112.11.2 
through Section 1112.11.4. [ASHRAE 15:9.7.8.1] 


1112.11.2 Discharging Location Exterior to Build- 
ing. Pressure-relief devices designed to discharge exter- 
nal to the refrigeration system shall be arranged to 
discharge outside of a building and shall be in accordance 
with the following: 


(1) The point of vent discharge shall be located not less 
than 15 feet (4572 mm) above the adjoining ground 
level. 


Exception: Outdoor systems containing Group Al 
refrigerant shall be permitted to discharge at any ele- 
vation where the point of discharge is located in an 
access-controlled area accessible to authorized per- 
sonnel only. 


(2) The point of vent discharge shall be located not less 
than 20 feet (6096 mm) from windows, building 
ventilation openings, pedestrian walkways, or build- 
ing exits. 

(3) For heavier-than-air refrigerants, the point of vent 
discharge shall be located not less than 20 feet (6096 
mm) horizontally from below-grade walkways, 
entrances, pits or ramps where a release of the entire 
system charge into such a space would yield a con- 
centration of refrigerant in excess of the RCL. The 
direct discharge of a relief vent into enclosed out- 
door spaces, such as a courtyard with walls on all 
sides, shall not be permitted where a release of the 
entire system charge into such a space would yield 
a concentration of refrigerant in excess of the RCL. 
The volume for the refrigerant concentration calcu- 
lation shall be determined using the gross area of the 
space and a height of 8.2 feet (2499 mm), regardless 
of the actual height of the enclosed space. 


(4) The termination point of a vent discharge line shall 
be made in a manner that prevents discharged refrig- 
erant from spraying directly onto personnel that are 
capable of being in the vicinity. 

(5) The termination point of vent discharge line shall be 
made in a manner that prevents foreign material or 
debris from entering the discharge piping. 

(6) Relief vent lines that terminate vertically upward 
and are subject to moisture entry shall be provided 
with a drip pocket having a length of not less than 24 
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inches (610 mm) and having the size of the vent dis- 
charge pipe. The drip pocket shall be installed to 
extend below the first change in vent pipe direction 
and shall be fitted with a valve or drain plug to per- 
mit removal of accumulated moisture. [ASHRAE 
15:9.7.8.2] 


1112.11.3 Internal Relief. Pressure-relief valves 
designed to discharge from a higher-pressure vessel into 
a lower pressure vessel internal to the system shall com- 
ply with the following: 


(1) The pressure-relief valve that protects the higher- 
pressure vessel shall be selected to deliver capacity 
in accordance with Section 1113.5 without exceed- 
ing the maximum allowable working pressure of the 
higher-pressure vessel accounting for the change in 
mass flow capacity due to the elevated backpressure. 


(2) The capacity of the pressure-relief valve protecting 
the part of the system receiving a discharge from a 
pressure-relief valve protecting a higher-pressure 
vessel shall be not less than the sum of the capacity 
required in Section 1113.5 plus the mass flow capac- 
ity of the pressure-relief valve discharging into that 
part of the system. 


(3) The design pressure of the body of the relief valve 
used on the higher-pressure vessel shall be rated for 
operation at the design pressure of the higher-pres- 
sure vessel in both pressure-containing areas of the 
valve. [ASHRAE 15:9.7.8.3] 


1112.11.4 Discharge Location, Special Require- 
ments. Additional requirements for relief device dis- 
charge location and allowances shall apply for specific 
refrigerants in accordance with Section 1112.11.4.1. 
[ASHRAE 15:9.7.8.4] 


1112.11.4.1 Water (R-718). Where water is the 
refrigerant, discharge to a floor drain shall be per- 
mitted where the following conditions are met: 


(1) The pressure-relief device set pressure shall not 
exceed 15 psig (103 kPa). 

(2) The floor drain shall be sized to handle the flow 
rate from a single broken tube in a refrigerant- 
containing heat exchanger. 

(3) The Authority Having Jurisdiction finds it 
acceptable that the working fluid, corrosion 
inhibitor, and other additives used in this type of 
refrigeration system are permitted to infre- 
quently be discharged to the sewer system, or a 
catch tank that is sized to handle the expected 
discharge shall be installed and equipped with a 
normally closed drain valve and an overflow 
line to drain. [ASHRAE 15:9.7.8.4.1] 

1112.12 Discharge Piping. The piping used for pressure- 

relief device discharge shall be in accordance with Section 

1112.12.1 through Section 1112.12.5. [ASHRAE 15:9.7.9] 
1112.12.1 Piping Connection. Piping connected to 
the discharge side of a fusible plug or rupture member 
shall have provisions to prevent plugging of the pipe 
upon operation of a fusible plug or rupture member. 
[ASHRAE 15:9.7.9.1] 


226 


1112.12.2 Pipe Size. The size of the discharge pipe 
from the pressure-relief device or fusible plug shall be 
not less than the outlet size of the pressure-relief device 
or fusible plug. [ASHRAE 15:9.7.9.2] 


1112.12.3 Maximum Length. The maximum length of 
the discharge piping installed on the outlet of pressure- 
relief devices and fusible plugs discharging to the atmos- 
phere shall be determined in accordance with Section 
1112.12.4 and Section 1112.12.5. See Table 1112.12.3 
for the allowable flow capacity of various equivalent 
lengths of single discharge piping vents for conventional 
pressure-relief valves. [ASHRAE 15:9.7.9.3] 


TABLE 1112.12.3 
ATMOSPHERIC PRESSURE AT NOMINAL 
INSTALLATION ELEVATION (Pa) 
[ASHRAE 15: TABLE 9.79.3.2] 


ELEVATION ABOVE SEA LEVEL, POUNDS PER SQUARE INCH, 
FEET ABSOLUTE (P,) 
Ve ee ER ha , 
500 14.4 
1000 wed ny sine pp 
1500 13.9 
2000 i iy 
2500 13.4 
3000 13.2 
3500 | 12.9 
4000 | ry 
4500 125ie j 
5000 el | Re Pe 
6000 11.8 
7000 +e baru vienerdldd ied . 
8000 rn Lesnmmeyle ast 10.9 
9000 10S? Inetogi 
1000 10.1 


For SI units: 1 foot = 304.8 mm, 1 pound-force per square inch = 6.8947 kPa 


1112.12.4 Design Back Pressure. The design back 
pressure due to flow in the discharge piping at the outlet 
of pressure-relief devices and fusible plugs, discharging 
to atmosphere, shall be limited by the allowable equiva- 
lent length of piping determined in accordance with 
Equation 1112.12.4(1). 


[Equation 1112.12.4(1)] 
'P. 
7 02146d? (Pi sds1n%) deIn( ) 


aC “ee 
Where: 
L = Equivalent length of discharge piping, feet. 
Cr = Rated capacity as stamped on the relief device in 


pounds per minute (Ib/min), or in SCFM multi- 
plied by 0.0764, or as calculated in Section 
1112.14 for a rupture member or fusible plug, 
or as adjusted for reduced capacity due to piping 
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in accordance with the manufacturer of the 
device, or as adjusted for reduced capacity due 
to piping as estimated by an approved method. 


f = Moody friction factor in fully turbulent flow. 

d = Inside diameter of pipe or tube, inches. 

In = Natural logarithm. 

Pz = Absolute pressure at outlet of discharge piping, 
psia. 

Pg = Allowed back pressure (absolute) at the outlet 


of pressure relief device, (psia). 


For SI units: | foot = 304.8 mm, | pound-force per square inch = 
6.8947 kPa, 1 pound per minute = 0.00756 kg/s 


Unless the maximum allowable back pressure (P¢) 
is specified by the relief valve manufacturer, the follow- 
ing maximum allowable back pressure values shall be 
used for Pp, where P is the set pressure and P,, is atmos- 
pheric pressure at the nominal elevation of the installa- 
tion (see Table 1112.12.3): 


For conventional relief valves: 15 percent of set pressure: 


Pa = (0.15*P)+P [Equation 1112.12.4(2)] 
0 a 


For balanced relief valves: 25 percent of set pressure: 


Po = (0.25*P)+P, [Equation 1112.12.4(3)] 


For rupture disks alone: fusible plugs, and pilot operated 
relief devices, 50 percent of set pressure: 


Po = (0.50*P)+P., [Equation 1112.12.4(4)] 


For fusible plugs, P shall be the saturated absolute 
pressure for the stamped temperature melting point of the 
fusible plug or the critical pressure of the refrigerant used, 
whichever is smaller. [ASHRAE 15:9.7.9.3.1, 9.7.9.3.2] 


1112.12.5 Simultaneous Operation. When outlets 
of two or more relief devices or fusible plugs, which are 
expected to operate simultaneously, connect to a com- 
mon discharge pipe, the common pipe shall be sized 
large enough to prevent the back pressure at each relief 
device from exceeding the maximum allowable back 
pressure in accordance with Section 1112.12.4. 
[ASHRAE 15:9.7.9.3.3] 


1112.13 Rating of Pressure-Relief Device. The rated 
discharge capacity of a pressure-relief device expressed in 
pounds of air per minute (kg/s), shall be determined in accor- 
dance with ASME BPVC Section VIII. Pipe and fittings 
between the pressure-relief valve and the parts of the system 
it protects shall have not less than the area of the pressure- 
relief valve inlet area. [ASHRAE 15:9.7.6] 


1112.14 Rating of Rupture Members and Fusible 
Plugs. The rated discharge capacity of a rupture member or 
fusible plug discharging to atmosphere under critical flow 
conditions, in pounds of air per minute (kg/s), shall be deter- 
mined in accordance with the following formulas: 
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C=0.64P,d’ [Equation 1112.14(1)] 
d= 1.25 VC/P, [Equation 1112.14(2)] 
Where: 

C = Rated discharge capacity of air, pounds per minute. 


d Smallest internal diameter of the inlet pipe, retaining 


flanges, fusible plug, or rupture member; inches. 
For rupture members: 


[Equation 1112.14(3)] 

P = (rated pressure in psig x 1.1) + 14.7 

For fusible plugs: 

P;,= Absolute saturation pressure, corresponding to the 
stamped temperature melting point of the fusible plug 
or the critical pressure of the refrigerant used, 
whichever is smaller, pound-force per square inch 
atmosphere, psia. [ASHRAE 15:9.7.7] 


For SI units: 1 inch = 25.4 mm, | pound-force per square inch = 6.8947 kPa, 
1 pound per minute = 0.00756 kg/s 


1113.0 Overpressure Protection. 


1113.1 General. Pressure vessels shall be provided with 
overpressure protection in accordance with ASME BPVC 
Section VIII. Pressure vessels containing liquid refrigerant 
that are capable of being isolated by stop valves from other 
parts of a refrigerating system shall be provided with over- 
pressure protection. Pressure relief devices or fusible plugs 
shall be sized in accordance with Section 1113.5. [ASHRAE 
157977, Oe 2] 


1113.2 Type of Protection. Pressure vessels with an inter- 
nal gross volume of 3 cubic feet (0.1 m°) or less shall use one 
or more pressure relief devices or a fusible plug. Pressure ves- 
sels of more than 3 cubic feet (0.1 m*) but less than 10 cubic 
feet (0.28 m*) internal gross volume shall use one or more 
pressure relief devices. Fusible plugs shall not be used. | 
[ASHRAE 15:9.7.2.1, 9.7.2.2] 


1113.3 Discharging into Lowside of System. For pres- 
sure-relief valves discharging into the lowside of the system, 
a single relief valve (not rupture member) of the required 
relieving capacity shall not be used on vessels of 10 cubic 
feet (0.28 m*) or more internal gross volume except under the 
conditions permitted in Section 1112.11.3. [ASHRAE 
15:9.713) 

1113.4 Parallel Pressure-Relief Devices. Two or more 
pressure-relief devices in parallel to obtain the required 
capacity shall be considered as one pressure-relief device. 
The discharge capacity shall be the sum of the capacities 
required for each pressure vessel being protected. 

1113.5 Discharge Capacity. The minimum required dis- 
charge capacity of the pressure-relief device or fusible plug 
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for a pressure vessel shall be determined in accordance with 
Equation 1113.5: 


C=fDE (Equation 1113.5) 


Where: 

C = Minimum required discharge capacity of the relief 
device expressed as mass flow of air, pounds per minute 
(kg/s). 

D = Outside diameter of vessel, feet (m). 

L = Length of vessel, feet (m). 


jf = Factor dependent upon type of refrigerant from Table 
IB habe Sep 


Where combustible materials are used within 20 ft (6096 
mm) of a pressure vessel, the value of f shall be multiply by 
2.5. Equation 1113.5 is based on fire conditions, other heat 
sources shall be calculated separately. Where one pressure- 
relief device or fusible plug is used to protect more than one 
pressure vessel, the required capacity shall be the sum of the 
capacity required for every pressure vessel. [ASHRAE 
15:9.7.5] 


TABLE 1113.5 
RELIEF DEVICES CAPACITY FACTOR* 
[ASHRAE 15:TABLE 9.7.5] 


REFRIGERANT VALUE OF f 


‘Where used on the lowside of a limited-charge cascade system: 


R-23, R-170, R-744, R-1150, R-508A, R-508B 1 
RBsRuGRTRa03 Pa 2 
Aree CRT Feet ' rex: 
‘Other applications: 

Regis alee Wuere pe Tanw: TK Sie 
R717 corte Fa oe 0.5 


/R-11, R-32, R-113, R-123, R-142b, R-152a, R-290, 


R-401C, R- 405A, R-406A, R-407C, R-407D, 
'R-407E, R-409A, R-409B, R-411A, R-411B, R-411C, 
|R-412A, R-414A, R-414B, R-500, R-1270 

R-143a, R-402B, R-403A, R-407A, R-408A, R-413A 2 
R-115, R-402A, R-403B, R-404A, R-407B, R-410A, 
R-410B, R- 502, R-507A, R-509A 
* In accordance with Section 1102.2, ammonia refrigeration systems are 


not regulated by this chapter. R-717 (ammonia) is included in this table 
because the table is extracted from ASHRAE 15 and is not capable of 
being modified. 


1.6 


ps 


1113.6 Three-Way Valve. Pressure vessels of 10 cubic feet 
(0.28 m*) or more internal gross volume shall use one or more 
rupture member(s) or dual pressure-relief valves where dis- 
charging to the atmosphere. Dual pressure-relief valves shall 
be installed with a three-way valve to allow testing or repair. 
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Where dual relief valves are used, the valve shall comply with 
Section 1113.5. 


Exception: A single relief valve shall be permitted on pres- 
sure vessels of 10 cubic feet (0.28 m*) or more internal gross 
volume where in accordance with the following conditions: 


(1) The relief valves are located on the lowside of the sys- 
tem. 


(2) The vessel is provided with shutoff valves designed to 
allow pumpdown of the refrigerant charge of the pres- 
sure vessel. 


(3) Other pressure vessels in the system are separately pro- 
tected in accordance with Section 1113.1. [ASHRAE 
L$Osfe2:34 


1114.0 Special Discharge Requirements. 


1114.1 General. Systems containing other than Group A1 or 
B1 refrigerants shall discharge to atmosphere through an 
approved flaring device. 


Exceptions: 


(1) Where the Authority Having Jurisdiction determines 
upon review of a rational engineering analysis that fire, 
health, or environmental hazards will not result from the 
proposed atmospheric release. 


(2) Lithium bromide absorption system using water as the 
refrigerant. 


1114.2 Design Requirements. Flaring devices shall be 
designed to incinerate the entire discharge. The products of 
refrigerant incineration shall not pose health or environmen- 
tal hazards. Incineration shall be automatic upon initiation of 
discharge, shall be designed to prevent blow-back, and shall 
not expose structures or materials to the threat of fire. Standby 
fuel, such as LP-Gas, and standby power shall have the capac- 
ity to operate for one and a half times the required time for 
complete incineration of the charge. 


1114.3 Testing. Flaring systems shall be tested to demon- 
strate their safety and effectiveness. A report from an 
approved agency shall be submitted detailing the emission 
products from the system as installed. 


1115.0 Labeling and identification. 


1115.1 General. In addition to labels required elsewhere in 
this chapter, a refrigeration system shall be provided with 
identification labels in accordance with Section 1115.2 and 
Section 1115.3. 


1115.2 Volume and Type. A condenser, receiver, absorber, 
accumulator and similar equipment having an internal vol- 
ume of more than 3 cubic feet (0.1 m*) and containing refrig- 
erant shall be equipped with a permanent label setting forth 
the type of refrigerant in such vessel. 


1115.3 Permanent Sign. In a refrigeration machinery room 
and for a direct refrigerating system of more than 10 horse- 
power (7.5 kW), there shall be a permanent sign at an 
approved location giving the following information: 
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(1) Name of contractor installing the equipment. 
(2) Name and number designation of refrigerant in system. 
(3) Pounds of refrigerant in system. 


1115.4 Marking of Pressure-Relief Devices. Pressure- 
relief valves for refrigerant containing components shall be 
set and sealed by the manufacturer or an assembler as defined 
in ASME BPVC Section VIII. Each pressure relief valve shall 
be marked by the manufacturer or assembler with the data 
| required in ASME BPVC Section VIII. 


Exception: Relief valves for systems with design pressures of 
15 pounds-force per square inch gauge (psig) (103 kPa) or 
| less shall be marked. [ASHRAE 15:9.6.1] 


1115.4.1 Rupture Members. Rupture members for 
refrigerant pressure vessels shall be marked with the data 
required in accordance with ASME BPVC Section VIII. 
[ASHRAE 15:9.6.2] 


1115.4.2 Fusible Plugs. Fusible plugs shall be marked 
with the melting temperatures in °F (°C). [ASHRAE 
1:96.33) 


1116.0 Testing of Refrigeration Equipment. 


1116.1 Factory Tests. Refrigerant-containing parts of unit 
systems shall be tested and proved tight by the manufacturer 
at not less than the design pressure for which they are rated. 
Pressure vessels shall be tested in accordance with Section 
1117.0. [ASHRAE 15:9.14.1] 


1116.1.1 Testing Procedure. Tests shall be performed 
with dry nitrogen or another nonflammable, nonreactive, 
dried gas. Oxygen, air, or mixtures containing them shall 
not be used. The means used to build up the test pressure 
shall have a pressure-limiting device or a pressure-reduc- 
ing device and a gage on the outlet side. The pressure- 
relief device shall be set above the test pressure but low 
enough to prevent permanent deformation of the sys- 
tem’s components. 


Exceptions: 


(1) Mixtures of dry nitrogen, inert gases, nonflammable 
refrigerants permitted for factory tests. 


(2) Mixtures of dry nitrogen, inert gases, or a combina- 
tion of them with flammable refrigerants in concen- 
trations not exceeding the lesser of a refrigerant 
weight fraction (mass fraction) of 5 percent or 25 
percent of the LFL shall be permitted for factory 
tests. 


(3) Compressed air without added refrigerant shall be 
permitted for factory tests provided the system is sub- 
sequently evacuated to less than 0.039 inch of mer- 
cury (0.132 kPa) before charging with refrigerant. 
The required evacuation level is atmospheric pressure 
for systems using R-718 (water) or R-744 (carbon 
dioxide) as the refrigerant. [ASHRAE 15:9.14.1.1] 


1116.1.2 Applied Pressure. The test pressure applied 
to the highside of each factory-assembled refrigerating 
system shall be not less than the design pressure of the 
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highside. The test pressure applied to the lowside of a 
factory assembled refrigerating system shall be not less 
than the design pressure of the lowside. 


1116.1.3 Design Pressure of 15 psig or Less. Units 
with a design pressure of 15 psig (103 kPa) or less shall 
be tested at a pressure not less than 1.33 times the design 
pressure, and shall be proved leak-tight at not less than 
the lowside design pressure. [ASHRAE 15:9.14.3] 


1116.2 Field Tests. Refrigerant-containing parts of a sys- 
tem that is field-erected shall be tested and proved tight after 
complete installation and before the operation. The high and 
low sides of each system shall be tested and proved tight at 
not less than the lower of the pressure in Table 1116.2 or the 
setting of the pressure-relief device. 


Exceptions: 


(1) Compressors, condensers, evaporators, coded pressure 
vessels, safety devices, pressure gauges, control mecha- 
nisms, and systems that are factory tested. 


(2) Refrigeration systems containing Group R-22, not 
exceeding 5 tons of refrigeration capacity (18 kW), and 
field-piped using approved, factory-charged line sets 
shall be permitted to be proved tight by observing reten- 
tion of pressure on a set of charging gauges and soaping 
connections while the system is operating. 


TABLE 1116.2 
FIELD LEAK TEST PRESSURES (psig)* 


ENUMBER  WATERCOOLED COOLED | LOWSIDE 

(caer eu eis  aheukee 15 
ie Piao 230 140 | 
OM 230 360 2 4 
Liet 15 15 | 15 

| = 114 po 40 80 | 40 

Ro 11s 275 a) 1340 ar 275 te 

Ree 15 30 15 
13440) 150 250 150 | 
152a 130 220 130 | 

me es0dsale is 0165 abt igh 165 | 

DEPT re ee ee ey 
744* | a = | 


For SI units: 1 pound-force per square inch gauge = 6.8947 kPa i; 
* Special design required; test pressures typically exceed 1000 psig (6895 
kPa). 


1116.3 Test Gases. Tests shall be performed with dry nitro- 
gen or other nonflammable, nonreactive, dried gas. Oxygen, 
air, or mixtures containing them shall not be used. The means 
used to build up the test pressure shall have either a pressure- 
limiting device or a pressure-reducing device and a gauge on 
the outlet side. The pressure-relief device shall be set above 
the test pressure but low enough to prevent permanent defor- 
mation of the system’s components. 


Exceptions: 


(1) Mixtures of dry nitrogen, inert gases, or a combination of 
them with nonflammable refrigerant in concentrations of 


229 


REFRIGERATION 


a refrigerant weight fraction (mass fraction) not exceed- 
ing 5 percent shall be permitted for tests. 


(2) Mixtures of dry nitrogen, inert gases, or a combination of 
them with flammable refrigerants in concentrations not 
exceeding the lower of a refrigerant weight fraction 
(mass fraction) of 5 percent or 25 percent of the LFL 
shall be permitted for tests. 


(3) Compressed air without added refrigerants shall be per- 
mitted for tests, provided the system is subsequently 
evacuated to less than 1000 microns (0.1333 kPa) before 
charging with refrigerant. The required evacuation level 
is atmospheric pressure for systems using R-718 (water) 
or R-744 (carbon dioxide) as the refrigerant. 


(4) Systems erected on the premises using Group A1 refrig- 
erant and with copper tubing not exceeding 0.62 of an 
inch (15.7 mm) outside diameter shall be tested by means 
of the refrigerant charged into the system at the saturated 
vapor pressure of the refrigerant at not less than 68°F 
(20°C). [ASHRAE 15:10.1.2] 


1116.4 Declaration. A dated declaration of test shall be pro- 
vided for systems containing more than 55 pounds (24.9 kg) 
of refrigerant. The declaration shall give the name of the 
refrigerant and the field test pressure applied to the highside 
and the lowside of the system. The declaration of test shall 
be signed by the installer and, where an inspector is present 
at the tests, the inspector shall also sign the declaration. 
Where requested, copies of this declaration shall be furnished 
to the Authority Having Jurisdiction. [ASHRAE 15:10.2] 


1116.5 Brine Systems. Brine-containing portions of a sys- 
tem shall be tested at one and a half times the design pressure 
of the system using brine as the test fluid. 


1117.0 Refrigerant-Containing Pressure Vessels. 


1117.1 Inside Dimensions 6 Inches or Less. Pressure 
vessels having inside dimensions of 6 inches (152 mm) or 
| less shall be: 


(1) Listed either individually or as part of an assembly by an 
approved, nationally recognized testing laboratory, or 


(2) Marked directly on the vessel or on a nameplate attached 
to the vessel with a “U” or “UM” symbol signifying 
compliance with ASME BPVC Section VIII, or 


| (3) When requested by the Authority Having Jurisdiction, 
the manufacturer shall provide documentation to confirm 
that the vessel meets the design, fabrication, and testing 
| requirements of ASME BPVC Section VIII. 


Exception: Vessels having an internal or external design 
pressure of 15 psig (103 kPa) or less. 


Pressure vessels having inside dimensions of 6 inches 
(152 mm) or less shall be protected by either a pressure-relief 
device or a fusible plug. [ASHRAE 15:9.3.1.1] 


1117.1.1 Pressure-Relief Device. Where a pressure- 
relief device is used to protect a pressure vessel having an 
inside dimension of 6 inches (152 mm) or less, the ulti- 
mate strength of the pressure vessel so protected shall 
withstand a pressure of not less than 3.0 times the design 
pressure. [ASHRAE 15:9.3.1.2] 
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1117.1.2 Fusible Plug. Where a fusible plug is used to 
protect a pressure vessel having an inside diameter of 6 
inches (152 mm) or less, the ultimate strength of the pres- 
sure vessel so protected shall withstand a pressure 2.5 
times the saturation pressure of the refrigerant used at the 
temperature stamped on the fusible plug or 2.5 times the 
critical pressure of the refrigerant used, whichever is less. 
[ASHRAE 15:9.3.1.3] 
1117.2 Inside Dimensions More than 6 Inches. Pres- 
sure vessels having an inside diameter exceeding 6 inches 
(152 mm) and having an internal or external design pressure 
greater than 15 psig (103 kPa) shall be directly marked, or 
marked on a nameplate, with a “U” or “UM” symbol signi- 
fying compliance with the rules of ASME BPVC Section 
VU. [ASHRAE 15:9.3.2] 
1117.3 Pressure Vessels for 15 psig or Less. Pressure 
vessels having an internal or external design pressure of 15 
psig (103 kPa) or less shall have an ultimate strength to with- 
stand not less than 3.0 times the design pressure and shall be 
tested with a pneumatic test pressure of not less than 1.25 
times the design pressure or a hydrostatic test pressure of not 
less than 1.5 times the design pressure. [ASHRAE 15:9.3.3] 


1118.0 Maintenance and Operation. 


1118.1 General. Refrigeration systems shall be operated and 
maintained as required by the fire code. 


Part Il — Cooling Towers. 


1119.0 General. 


1119.1 Applicability. Cooling towers, evaporative con- 
densers, and fluid coolers shall be readily accessible. Where 
located on roofs, such equipment having combustible exte- 
rior surfaces shall be protected with an approved automatic 
fire-extinguishing system. 


1120.0 Support and Anchorage. 


1120.1 General. Cooling towers, evaporative condensers, 
and fluid coolers shall be supported on noncombustible gril- 
lage designed in accordance with the building code. Seismic 
restraints shall be as required by the building code. 


1121.0 Drainage. 


1121.1 General. Drains, overflows, and blow-down provi- 
sions shall have an indirect connection to an approved dis- 
posal location. Discharge of chemical waste shall be as 
approved by the regulatory authority. 


1122.0 Chemical Treatment Systems. 


1122.1 General. Chemical treatment systems shall comply 
with the fire code. Where chemicals used present a contact 
hazard to personnel, approved emergency eye-wash and 
shower facilities shall be installed. 
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1122.2 Automated Control of Cycles of Concentra- 
tion. Cooling towers, evaporative condensers, and fluid cool- 
ers shall include controls that automate system bleed based 
on conductivity, fraction of metered makeup volume, metered 
bleed volume, recirculating pump run time, or bleed time. 


1123.0 Location. 


1123.1 General. Cooling towers, evaporative condensers, 
and fluid coolers shall be located such that their plumes can- 
not enter occupied spaces. Plume discharges shall be not less 
than 25 feet (7620 mm) away from a ventilation inlet to a 
building. Location on the property shall be as required for 
buildings by the building code. 


1124.0 Electrical. 


1124.1 General. Electrical systems shall be in accordance 
with the electrical code. Equipment shall be provided with a 
vibration switch to shut off fans operating with excessive vibra- 
tion. In climates commonly subject to electrical storms, light- 
ning protection shall be provided on roof-mounted equipment. 


1125.0 Refrigerants and Hazardous Fluids. 


1125.1 General. Equipment containing refrigerants as a part 
of a closed-cycle refrigeration system shall comply with Part 
I of this chapter. Equipment containing other fluids that are 
flammable, combustible, or hazardous shall be in accordance 
with this code and the fire code. 


1126.0 Drift Eliminators. 


1126.1 General. Cooling towers, evaporative condensers, 
and fluid coolers shall be equipped with drift eliminators that 
have a drift rate of not more than 0.005 percent of the circu- 
lated water flow rate in accordance with the equipment man- 
ufacturer’s instructions. 
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TABLE 1102.3 
REFRIGERANT GROUPS, PROPERTIES, AND ALLOWABLE QUANTITIES® 
[ASHRAE 34: TABLE 4-1, TABLE 4-2] 


j noPRiGekiitr eibacnt Satan CHEMICAL NAME! SAFETY OEL2 POUNDS PER 1000 
(COMPOSITION FOR BLENDS) GROUP’ (ppm) CUBIC FEET OF SPACE 
(bre CCIE Trichlorofluoromethane Al. C1000 0.39 
Bis Se: CCLF, Dichlorodifluoromethane Sune Vk st 5.6 
Sarebivwed) CBrCIF, Bromochlorodifluoromethane = = = 
| R-13 CCIF; Chlorotrifluoromethane Al | 1000 | — | 
| R-13B1 CBrF; Bromotrifluoromethane Al 1000 — 
R-14 CF, Tetrafluoromethane (carbon tetrafluoride) Al 1000 os, 
R-21 CHCI,F Dichlorofluoromethane Bl = = 
R-22 CHCIF, Chlorodifluoromethane Al 1000 13 
R-23 CHF, Trifluoromethane Al 1000 13 
R-30 CH,Cl, Dichloromethane (methylene chloride) Bl os — 
R-31 CH,CIF Chlorofluoromethane —— ae = 
Roe CH,F, Difluoromethane (methylene fluoride) A2L 1000 4.8 
R-40 CH,Cl Chloromethane (methyl chloride) B2 ex ms 
i R-41 CH3F Fluoromethane (methyl fluoride) — — — 
R-50 CH,4 Methane A3 1000 aa 
R-113 CCI,FCCIF, 1, 1, 2-trichloro-1, 2, 2 — trifluoroethane Al 1000 ie, 
R-114 CCIF,CCIF, 1, 2-dichloro-1, 1, 2, 2 tetrafluoroethane Al 1000 8.7 
i R- I fe) CCIF,CF; Chloropentafluoroethane Al 1000 47 
R-116 CF CF; Hexafluoroethane Al 1000 34 
R-123 CHCI,CF, 2, 2-dichloro-1, 1, 1, - trifluoroethane Bl 50 3.5 
R-124 CHCIFCF;, 2-chloro-1, 1, 1, 2 - tetrafluoroethane Al 1000 Sis) 
R-125 CHF, CF, Pentafluoroethane Al 1000 23 
R-134a CH)FCF, 1, 1, 1, 2-tetrafluoroethane Al 1000 13 
} R-141b CH3CCI,F 1, 1-dichloro-1-fluoroethane oe 500 0.78 
R-142b CH3CCIF, 1-chloro-1, 1-difluoroethane A2 1000 5.1 
R-143a CH3CF; 1, 1, 1-trifluoroethane A2L 1000 4.5 
R-152a CH3;CHF, 1, 1-difluoroethane A2 1000 2.0 
R-170 CH3CH, Ethane A3 1000 0.54 
R-E170 CH;0CH, Methoxymethane (Dimethyl ether) A3 1000 1.0 
R218 CF,CF2CF, Octafluoropropane Al 1000 43 
R-227ea CF,CHFCF, 1,1, 1, 2, 3, 3, 3-heptafluoropropane Al 1000 36 
R-236fa CF3CH,CF; 1, 1, 1, 3, 3, 3-hexafluoropropane Al 1000 21 
R-245fa CHF,CH,CF; 1, 1, 1, 3, 3-pentafluoropropane Bier otolletieOC 12 
R290 |  CH,CH,CH, Propane A3 1OO0 Hh ae mnOISE 
2 Wpicsise 4CF,)4- Octafluorocyclobutane Al 1000 41 
R-400 | ~—_zeotrope R-12/114 (50.0/50.0) Al 1000 10 
R400 | zeotrope R-12/114 (60.0/40.0) Al 1000 11 
R-401A | __—_—_—_—szeotrope R-22/152a/124 (53.0/13.0/34.0) Al 1000 6.6 
pp BeSOTB. wos, | zeotrope R-22/152a/124 (61.0/11.0/28.0) Al 1000 nmay.2 
__ R-401C ___ Zeotrope R-22/152a/124 (33.0/15.0/52.0) Al 1000 D2 
__R-402A zeotrope R-125/290/22 (60.0/2.0/38.0) Al 1000 17 
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TABLE 1102.3 (continued) 


REFRIGERANT GROUPS, PROPERTIES, AND ALLOWABLE QUANTITIES® 


[ASHRAE 34: TABLE 4-1, TABLE 4-2] 
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REFRIGERANT | CHEMICAL FORMULA SHE MER AENES rie}! OEL? | POUNDS PER 1000 
‘ (COMPOSITION FOR BLENDS) GROUP” (ppm) ; | CUBIC FEET OF SPACE | 
R-402B -_zeotrope R-125/290/22 (38.0/2.0/60.0) Al 1D0D ea | | 
R-403A zeotrope ——- R-290/22/218 (5.0/75.0/20.0) || AQ 1000 7.6 
R-403B zeotrope ; R-290/22/218 (5.0/56.0/39.0) Al 1000 18° | 
R-404A zeotrope R-125/143a/134a (44.0/52.0/4.0) Al 1000. 31 | 
R-405A_ | zeotrope _R-22/152a/142b/C318 (45.0/7.0/5.5/42.5) =! 1000 16 | 
R-406A zeotrope R-22/600a/142b (55.0/4.0/41.0) | A2 1000 4.7 ni 
R-407A_————_zeotrope _R-32/125/134a (20.0/40.0/40.0) AI 1000 19 | 
R-407B_ | ——_zeotrope ___R-32/125/134a (10.0/70.0/20.0) Al 1000 21 | 
R-407C | ———_zeotrope —_R-32/125/134a (23.0/25.0/52.0) | Al 1000 18 
R-407D __zeotrope ——_R-32/125/134a (15.0/15.0/70.0) _ Al 1000 16 | 
R-407E | ~—_zeotrope _R-32/125/134a (25.0/15.0/60.0) Al 1000 on aie v 
R-407F __zeotrope R-32/125/134a (30.0/30.0/40.0) Al i000 =| = 20 ; 
R-407G zeotrope R-32/125/134a (2.5/2.5/95.0) Al 1000 iar 
R-407H zeotrope R-32/125/134a (32.5/15.0/52.5) Al 1000 19 | 
R-4071 ___zeotrope R-32/125/124a (19.5/8.5/72.0) Al 1000 16.0 | 
R-408A __zeotrope R-125/143a/22 (7.0/46.0/47.0) Al 1000 21 ] 
R-409A ~ zeotrope R-22/124/142b (60.0/25.0/15.0) Al 1000. mu 
R-409B zeotrope R-22/124/142b (65.0/25.0/10.0) Al 1000 73 
R-410A_ | zeotrope —_R-32/125 (50.0/50.0) Al 1000. 26 
R-410B zeotrope - R-32/125 (45.0/55.0) +i Al a 27 
R-411A° zeotrope R-1270/22/152a (1.5/87.5/11.0) A2 990 2.9 | 
R-411B° zeotrope ~ R-1270/22/152a (3.0/94.0/3.0) A2 Set | SAY: | 
R-412A zeotrope R-22/218/142b (70.0/5.0/25.0) A2 (A nn 
__R-413A zeotrope R-218/134a/600a (9.0/88.0/3.0) A2 pet pay ee | 
R-414A | ——_—_zeotrope R-22/124/600a/142b (51.0/28.5/4.0/16.5) Al 1000 64 
R-414B __-zeotrope R-22/124/600a/142b (50.0/39.0/1.5/9.5) Al 1000 | = 6.0 
R-415A “zeotrope ~- R-22/152a (82.0/18.0) A2 a 
R-415B zeottope | R-22/152a (25.0/75.0) A2 | ee RS ot 
R-416A° zeotrope _ R-134a/124/600 (59.0/39.5/1.5) | AL isu 
R-417A° zeotrope [ R-125/134a/600 (46.6/50.0/3.4) Al 1000 1 cole a 
R-417B zeotrope —__ R-125/134a/600 (79.0/18.3/2.7) Al 1000 fe 
R-417C zeotrope ~-R-125/134a/600 (19.5/78.8/1.7) Al __|»-1000 5A | 
R-418A | zeotrope — R-290/22/152a (1.5/96.0/2.5) A2 Ms Te. we | 
R-419A zeotrope __R-125/134a/E170 (77.0/19.0/4.0) A2 | PaRHIODO 42 
R-419B zeotrope R-125/134a/E170 (48.5/48.0/3.5) ruse i tS do ; 
R-420A —_zeotrope . R-134a/142b (88.0/12.0) Segebher gry cele higlagarets fe 
R-421A zeotrope ——-R+125/134a (58.0/42.0) Al 1000 teen t 
R-421B zeotrope ——R-125/134a (85.0/15.0) _ Al 1e00 4h pe zi 
R-422A zeotrope ~ R-125/134a/600a (85.1/11.5/3.4) Al i000 | sa | 
R-422B -_zeotrope —-R-125/134a/600a (55.0/42.0/3.0) _ Al i ee: =f 
R-422C ~ zeotrope R-125/134a/600a (82.0/15.0/3.0) Al 00. |, AB | 
R-422D | —_—_zeotrope —-R-125/134a/600a (65.1/31.5/3.4) Al 1000 | Gat 
R-422E ———_zeotrope | __R-125/134a/600a (58.0/39.3/2.7) | Al | 1000 | — 16 
R423A | zeotrope /R-134a/227ea (52.5/47.5) Ai ue OS 
-125/134 /601a 
a es a ee a co 
R-425A zeotrope _R-32/134a/227ea (18.5/69.5/12.0) Al legge it 16 
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TABLE 1102.3 (continued) 


REFRIGERANT GROUPS, PROPERTIES, AND ALLOWABLE QUANTITIES® 
[ASHRAE 34: TABLE 4-1, TABLE 4-2] 


——- = _ 
| 


a yo ciate CHEMICAL NAME" | SAFETY OEL2 POUNDS PER 1000 | 
(COMPOSITION FOR BLENDS) GROUP’ (ppm) CUBIC FEET OF SPACE 
R-426A° zeotrope R-125/134a/600/601a (5.1/93.0/1.3/0.6) Al 990 a 
R427A —-zeotrope | R-32/125/143a/134a (15.0/25.0/10.0/50.0) Al” 1000 18 | 
R428A _-zeotrope R-125/143a/290/600a (77.5/20.0/0.6/1.9) | Al 1000 Sy 
teehee zeotrope R-E170/152a/600a (60.0/10.0/30.0) A3 1000 0.81 
| R-430A ~_-zeotrope ; R-152a/600a (76.0/24.0) Car 1000 a AS i 
——-R-431A ___zeotrope R-290/152a(71.0/29.0) AB a 
| _R-432A __zeotrope_ _R+1270/E170 (80.0/20.0) | A3 aa 
Rea __ zeotrope R-1270/290 (30.0/70.0) AB 880. Gare |] 
| R-433B ~-zeotrope R-1270/290 (5.0/95.0) A3 950 0.51 
PR-a8C -zeotrope R-1270/290 (25.0/75.0) een 790 0.41 
 R-434A __zeotrope R-125/143a/134a/600a (63.2/18.0/16.0/2.8) Al | __‘1000 20 
R-435A __-zeotrope R-E170/152a (80.0/20.0) Te 1000. Tah 
R-436A _zeotrope _ R-290/600a (56.0/44.0) AB io00. | O50 
 R436B | eatrope «TAL ~R+290/600a (52.0/48.0) AB 1000 0.51 
| R-437A —zeotrope ———_—_—R-125/134a/600/601 (19.5/78.5/1.4/0.6) Al 990 5.0 
R-32/125/134a/600/601a 
R-438A zeotrope (8.5/45.0/44.2/1.7/0.6) Al ft Aim | 
-R-439A  -zeotrope = —S—Ss«R-32/125/600a (50.0/47.0/3.0) _ wiv 990 ArT 
— R-440A = —_zeotrrope |__ R-290/134a/152a (0.6/1.6/97.8). A2 |. 1000 1.9 
| R-441A -zeotrope ——|—_—R-170/290/600a/600 (3.1/54.8/6.0/36.1) AB 1000 039 
R-32/125/134a/152a/227ea 
Rae =e (31.0/31.0/30.0/3.0/5.0) pikeny sy mt 
R-443A zeotrope R-1270/290/600a (55.0/40.0/5.0) A3 580 0.19 
R-444A zeotrope | -R-32/152a/1234ze(E) (12.0/5.0/83.0) A2L 850 5.1 
R-444B ~-zeotrope R-32/152a/1234ze(E) (41.5/10.0/48.5) A2L 890 43 | 
Raa ~-zeotrope R-744/134a/1234ze (BE) (6.0/9.0/85.0) |  A2L 930 4.2 
— -R-446A | zeotrope R-32/1234ze(E)/600 (68.0/29.0/3.0) A2L 960 Ben 
_ R-447A_ | zeotrope R-32/125/1234ze(E) (68.0/3.5/28.5) A2L 900. Ti ae 
is R-447B | ——zeotrope_ R-32/125/1234ze(E) (68.0/8.0/24.0) A2L 970 aa 
| R-32/125/1234yf/134a/1234ze(E 
aida Na (26.0/26 0/20.0/21.0/7.0) bi ah is po | 
R-32 /125 /1234yf /134a 
alae! oo aa ae bah ees Sen ce is = 
R-32/125/1234yf/134a 
L ii FES OR A (052/94 3/23.2/273) és i ue 
| R-32/125/1234yf/134a 
R-449C zeotrope -(20.0220.0831 he yet Al 800 23 
R-450A | ——szeotrope 8 R-134a/1234ze(E) (42.0/58.0) _ as 880 Bp 
R-451A -zeotrope _ R-1234yf/134a (89.8/10.2) -A2L 520 5.3 | 
het RASS: zeotrope R-1234yf/134a (88.8/11.2) A2L 530 me: j 
Le R-452A __-zeotrope R-32/125/1234yf (11.0/59.0/30.0) Al 780 on 
__R-452B -zeotrope R-32/125/1234yf (67.0/7.0/26.0) A2L 870, 23 
R-452C zeotrope_ R-32/125/1234yf (12.5/61.0/26.5) Aa 800 27 
R-32/125/134a/227ea/600/601a 
i <a % : a: oN ee | (20.0/20.0/53.8/5.0/0.6/0.6) te io : a is 
_ R454A zeotrope R-32/1234yf (35.0/65.0) A2L 690 ge: 
_R454B | —szeotrope =| ~S——s«R-3 2/123 4yf (68.9/31.1) we 850, Li 
| R-454C _-zeotrope _ __R-32/1234yf (21.5/78.5) lee 32 620. 29 
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TABLE 1102.3 (continued) 


REFRIGERANT GROUPS, PROPERTIES, AND ALLOWABLE QUANTITIES® 


[ASHRAE 34: TABLE 4-1, TABLE 4-2] 


REFRIGERATION 
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REFRIGERANT CHEMICAL FORMULA CHEMICAL NAME' SAFETY OEL2 | POUNDS PER 1000 | 
4 (COMPOSITION FOR BLENDS) GROUP’ (ppm) | CUBIC FEET OF SPACE 
R-455A zeotrope R-744/32/1234yf (3.0/21.5/75.5) A2L 650 23 | 
R-456A zeotrope R-32/134a/1234ze(E) (6.0/45.0/49.0) Al 900 209-8 
R-457A zeotrope R-32/1234yf/152a (18.0/70.0/12.0) A2L 650 25 ' 
R-32/125/134a/227ea/236fa 
s Senitiey eee (20.5/4.0/61.4/13.5/0.6) ape i nat eh obey wee ms || 
| R-32/1234yf/1234ze(E) | | 
R-459A zeotrope (68.0/26,0/6.0) Bah 870 a 23 it 
R-32/1234yf/1234ze(E) | | 
R-459B zeotrope (21.0/69.0/10.0) | A2L 640 is x Fi 
R-32/125/134a/1234ze(E) | 
Sra valk ne (12.0/52.0/14.0/22.0) ae oe is 
R-32/125/134a/1234ze(E) 
R-460B zeotrope (28.0/25.0/20.0/27.0) Al 950 25 
R-32/125/134a/1234ze(E) 
R-460C zeotrope (2.5/2.5/46.0/49.0) Al 900 rau 
R-125/143a/134a/227ea/600a | 
ae all fee (55.0/5.0/32.0/5.0/3.0) ee ed it 
R-32/125/143a/134a/600 
R-462A zeotrope (9.0/42.0/2.0/44.0/3.0) A2 1000 3.9 
R-744/32/125/1234yf/134a 
: ] 
Bens Tes ODE (6.0/36.0/30.0/14.0/14.0) Si #20 ? 
R-32/125/1234ze(E)/227ea 
- oy 
R-464A zeotrope (27.0/27.0/40.0/6.0) Al 930 ; 7.0 
R-32/290/1234yf 
2 2. 
R-465A zeotrope (21.0/7.9/71.1) A2 660 5 | 
R-500 azeotrope? R-12/152a (73.8/26.2) Al 1000 76 
R-501 azeotrope> R-22/12 (75.0/25.0)4 Al 1000 , 13 
R-502 azeotrope> —_R-22/115 (48.8/51.2) Al 1000 | oer a 
R-503 azeotrope* De R23 /13 G40. 159.9) ; | — 1000 ae 
R-504 azeotrope* R-32/115 (48.2/51.8) as 1000 28 | 
R-505 | —_azeotrope’ R-12/31 (78.0/22.0)* = ae = t 
R-506 azeotrope> R-31/114 (55.1/44.9) — — — 
R-507A° azeotrope? R-125/143a (50.0/50.0) Al 1000 32 
R-508A°_ azeotrope® R-23/116 (39.0/61.0) Al 1000 yor ul 
R-508B azeotrope> R-23/116 (46.0/54.0) Al 1000 pee Een 
R-509A° azeotrope® —_R-22/218 (44.0/56.0) Al 1000 24 | 
ReS10A0% azeotrope? R-E170/600a (88.0/12.0) A3 1000 u0.87 | 
R-S511A azeotrope® R-290/E170 (95.0/5.0) | A3 1000 | 0.59 
R-51 2A azeotrope* R-134a/152a (5.0/95.0) A2 1000 q ‘ 1.9 
R-513A azeotrope> R-1234yf/134a (56.0/44.0) Al 650 20 
R-513B azeotrope* _R-1234yf/134a (58.5/41.5) Al 640° Aer. 
R-514A azeotrope* R-1336mzz(Z)/1130 (E) (74.7/25.3) Bl 320 086 | 
R-S15A azeotrope* R-1234ze(E)/227ea (88.0/12.0) Al 810 19 
R-516A azeotrope* R-1234yf/134a/152a (77.5/8.5/14.0) A2L 590 7.0 : 
i - os ah ee 
R-600° CH3CH,CH,CH; ; Butane AB | 1000 0.15 
R-600a CH(CH3)CH; 2-methylpropane (isobutene) eee 1000 | 0.59 
R-601 CH3;CH,CH,CH, CH; Pentane A3 600 0.18 
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REFRIGERANT GROUPS, PROPERTIES, AND ALLOWABLE QUANTITIES® 


TABLE 1102.3 (continued) 


[ASHRAE 34: TABLE 4-1, TABLE 4-2] 


peer ae nee | CHEMIGED enue CHEMICAL NAME! “SAFETY | EL2 | POUNDS PER 1000 
(COMPOSITION FOR BLENDS) GROUP’ | (ppm) CUBIC FEET OF SPACE 
— R60la (CH;)yCHCH,CH; i 2-methylbutane (isopentane) ~~ a 600  S Oats 
R610. CHj;CH;OCH,CH; | —_—_—Ethoxyethane(ethylether) t= 400, ae 
R-611 / HCOOCH; Methyl formate B2 100 _ 
a R-620 a te > ee > . (Reserved for future assignment) ae — a 
R-630 | CH;NH, Methanamine (methyl amine) — — — 
| R-631 CH3CH,(NH>) Ethanamine (ethyl amine) — — — 
R70. H, Hydrogen A3 — — 
—-R-704 a een Helium ’ Ice ail | ee 
R-717 NH; Ammonia ; B2L 25 0.014 
R-718 home Water Al = i 
|}  R-720 Ne Neon Al a pee | 
we RFE ms : N> Nitrogen Al = = 
; RRS 0, Be Oxygen — —= = 
R-740 Ar Argon Al z jem 
ra Te cen Carbon dioxide Al 5000 Bian 
R-744A N,O Nitrous oxide = == = 
R-764 == SO; : Sulfur dioxide Bl _ Ngee 
R-1 130(E) CHCI=CHCI Trans-1,2-dichloroethene Bl 200 0.25 
R-itsa CF, = CH, 1, 1-difluoroethylene A2 500 2.0 | (3 
RTis0 || | Se hoecr., Ethene (ethylene) AB 200 = 
R-1224yd(Z) | CF,CF=CHCI (Z)-1-chloro-2,3,3,3-tetrafluoropropen Al 1000 Ww 23 
R-1233zd(E) | CFCH=CHCI —__Trans-I-chloro-3,3,3-trifluoro-1- propene Al 800 53 
R-1234yf bined. CF,CF=CH, 2, 3, 3, 3-tetrafluoro-1-propene A2L | 500 [ 4.7 
R-1234ze(E) CF,CH=CHE Trans-1,3,3,3- tetrafluoro-1-propene A2L 800 4.7 
~—-R-1270 CH,CH=CH, Propene (propylene) ee ccc SOR 
R-1336mzz(Z) | CF3,;CHCHCF, Cis-1,1,1,4,4,4-hexaflouro-2-butene Al 500 5.4 


Notes: 
1 


The preferred chemical name is followed by the popular name in parenthesis. 


Ww WN 


The OELs are 8-hour TWAs; a “C” designation denotes a ceiling limit. 
~ Azeotropic refrigerants exhibit some segregation of components at conditions of temperature and pressure other than those at which they were formulated. 


The extent of segregation depends on the particular azeotrope and hardware system configuration. 


a 


The exact composition of this azeotrope is in question and additional experimental studies are needed. 


> R-507, R-508, and R-509 are allowed alternative designations for R-507A, R-508A, and R-509A due to a change in designations after assignment of R-500 
through R-509. Corresponding changes were not made for R-500 through R-506. 


blend and expected to have a small influence in an acute, accidental release. 
7 Refrigerant flammability classification of Class 2L shall comply with the requirements for flammability classification of Class 2. 
8 Tn accordance with Section 1102.2, ammonia refrigeration systems are not regulated by this chapter. R-717 (ammonia) is included in this table because the 
table is extracted from ASHRAE 34 and is not capable of being modified. 


236 


The RCL values for these refrigerant blends are approximated in the absence of adequate data for a component comprising less than 4 percent m/m of the 
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TABLE 1104.1 
_____ PERMISSIBLE REFRIGERATION SYSTEMS’ te ae AA 
OCCUPANCY GROUP® HIGH-PROBABILITY SYSTEM) LOW PROBABILITY SYSTEM MACHINERY ROOM | 
A-l | GroupAlonly | aE nee, GR Roe Oe 
ra 6” | __ Group Al only Any Pern Any — | 
A-3 _ Group Al only Any elie) Any 7 Dea 
| A-4 Group Al only Any : Any | iy a 
B roup Al? only Any Any | 
neh _GroupAl only fay Tf Peis ae, 
etl ap eb ape. roup Als only, on, Any ; PTY la kana 
F-2 Any” Any | Any | 
H-1 Any SEs Any _ | ‘Anny > aed 
~H2 Any Any +t - ANY! #0) 5 
H-3 Any i Any i pers ___ Any | 
H-4 _ Group A1 only — Any Any ak | 
H-5 Group Al only Any | _ Any J 
I-1 | None | Any | Any | 
ian 12_ _GroupAlonly | Any a Apek Jed) 
[OSHPD 1, IR, 2, 3, 4 & 5] I-2.] Group Al only Any Any 
Eee P None Any_ a. Ayer or | 
1-4 Group Al only yuan ehipaluned by)-welber Anya mu | 
M _Group A1? only Any Any. | 
R-1 Group Al only Any _ a Aly 
R-2 Group Al only Any _ Any. 3 
R-3 Group Al only Any_ Any i 
R-4 _GroupAlonly | | Any _ | Any ; | 
_S-1 Group Al? only | Any | ’ _ Any : | 
S-2 Any” Any Any “ie i 
| U Any Any Any 
Notes: ge 


' See Section 1104.0. 


2 A refrigerant shall be permitted to be used within a high-probability system where the room or space is in accordance with Section 1104.4. 
3 Occupancy classifications are defined in the building code. 
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® CALIFORNIA MECHANICAL CODE — MATRIX ADOPTION TABLE 
CHAPTER 12 —- HYDRONICS 
(Matrix Adoption Tables are non-regulatory, intended only as an aid to the code user. See Chapter 1 for state agency authority and building applications.) 


a — ee 


| | | | 
ast! HCD DSA OSHPD ee ee pee 
Adopting Agency BSC | "Cg | SFM BSCC DPH|AGR DWR CEC CA SL SLC 
| 1 | 2 |1-AC|} AC) SS|SS/CC) 1 /1R}2/)/3)/) 4/5) | 


Adopt Entire Chapter as | | 
amended (amended sections X |X X|X!|X x |x| 
listed below) 
Adopt only those sections that | 

are listed below 5 


Adopt Entire Chapter x ne 4 | spares ai | ii / 
i eee 

' | 

| 

| 


| 
Chapter/Section ae rey | Were a. a a seiiy ue | sal 
1205.2, Note (ai X |X | | al 
fO1Geat the ie | X/X/X| [X|X ings'd | 
1211.6, Note X|X ie er) 
> VAN ee | aloe mn Srp es Ge i es x 


> el WO EA | | . | io | 
(1220.4.5.1 , on evel @ tiprres Gee aoe | Xx 
This state agency does not adopt sections identified with the following symbol: 
The Office of the State Fire Marshal's adoption of this chapter or individual sections is applicable to structures regulated by other state agencies pursuant to 


Section 1.11.0. 
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CHAPTER 12 
HYDRONICS 


1201.0 General. 


1201.1 Applicability. This chapter shall apply to hydronic 
piping systems that are part of heating, cooling, ventilation, 
refrigeration, and air conditioning systems. Such piping sys- 
tems include steam, hot water, chilled water, steam conden- 
sate, condenser water, and ground source heat pump systems. 
The regulations of this chapter shall govern the construction, 
location, and installation of hydronic piping systems. 


1201.2 Insulation. Surfaces within reach of building occu- 
pants shall not exceed 140°F (60°C). Where sleeves are 
installed, the insulation shall continue full size through them. 


Coverings and insulation used for piping shall be of 
material approved for the operating temperature of the sys- 
tem and the installation environment. Where installed in a 
plenum, the insulation, jackets, and lap-seal adhesives, 
including pipe coverings and linings, shall have a flame- 
spread index not to exceed 25 and a smoke-developed index 
not to exceed 50 where tested in accordance with ASTM E84 
or-OL- 723° 


1201.3 Water Hammer. The piping system shall be 
designed to prevent water hammer. 


1201.4 Terminal Units. Terminal units, valves, and flow 
control devices shall be installed in accordance with the man- 
ufacturer’s installation instructions. 


1201.5 Return-Water Low-Temperature Protection. 
Where a minimum return-water temperature to the heat 
source is specified by the manufacturer, the heating system 
shall be designed and installed to meet or exceed the mini- 
mum return-water temperature during the normal operation 
of the heat source. 


1202.0 Protection of Potable Water Supply. 


1202.1 Prohibited Sources. Hydronic systems or parts 
thereof shall be constructed in such a manner that polluted, 
contaminated water or substances shall not enter a portion of 
the potable water system either during normal use or where 
the system is subject to pressure that exceeds the operating 
pressure in the potable water system. Piping, components and 
devices in contact with the potable water shall be approved 
for such use and where an additive is used it shall not affect 
the performance of the system. 


1202.2 Chemical Injection. Where systems include an 
additive, chemical injection or provisions for such injection, 
the potable water supply shall be protected by a reduced-pres- 
sure principle backflow prevention assembly listed or labeled 
in accordance with ASSE 1013. Such additive or chemical 
shall be compatible with system components. 


1202.3 Compatibility. Fluids used in hydronic systems 
shall be compatible with all components that will contact the 
fluid. Where a heat exchanger is installed with a dual purpose 
water heater, such application shall comply with the require- 
ments for a single wall heat exchanger in Section 1218.1. 
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1203.0 Capacity of Heat Source. 


1203.1 Heat Source. The heat source shall be sized to the 
design load. 


1203.2 Dual Purpose Water Heater. Water heaters uti- 
lized for combined space-heating and water-heating applica- 
tions shall be listed or labeled in accordance with the 
standards referenced in Table 1203.2, and shall be installed in 
accordance with the manufacturer’s installation instructions. 
The total heating capacity of a dual purpose water heater shall 
be based on the sum of the potable hot water requirements 
and the space heating design requirements corrected for hot 
water first-hour draw recovery. 


TABLE 1203.2 
WATER HEATERS 


TYPE STANDARDS 
Gas-Fired, 75 000 Btu/h or less, Storage CSA Z21.10.1 
Gas-Fired, Above 75 000 Btu/h, Storage CSA Z21.10.3 | 
and Instantaneous whee | 
Electric, Space Heating UL 834 | 
Solid Fuel-Fired UL 2523. | | 


For SI units: 1000 British thermal units per hour = 0.293 kW 


1203.3 Tankless Water Heaters. Tankless water heaters 
shall be rated by the manufacturer for space-heating applica- 
tions, and the output performance shall be determined by the 
temperature rise and flow rate of water through the unit. The 
ratings shall be expressed by the water temperature rise at a 
given flow rate. Manufacturer’s flow rates shall not be 
exceeded. 


1204.0 Identification of a Potable and Nonpotable 
Water System. 


1204.1 General. In buildings where potable water and non- 
potable water systems are installed, each system shall be 
clearly identified in accordance with Section 1204.2 through 
Section 1204.6. 


1204.2 Color and Information. Each system shall be iden- 
tified with a colored pipe or band and coded with paint, 
wraps, and materials compatible with the piping. 

1204.3 Potable Water. Potable water systems shall be iden- 
tified with a green background with white lettering. The min- 
imum size of letters and length of the color field shall be in 
accordance with Table 1204.3. 

1204.4 Nonpotable Water. Nonpotable water systems 
shall have a yellow background with black uppercase letter- 
ing, with the words “CAUTION: NONPOTABLE WATER, 
DO NOT DRINK.” Each nonpotable system shall be identi- 
fied to designate the liquid being conveyed, and the direction 
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of normal flow shall be clearly shown. The minimum size of 
the letters and length of the color field shall comply with 
Table 1204.3. 


TABLE 1204.3 
MINIMUM LENGTH OF COLOR FIELD AND SIZE OF LETTERS 


| OUTSIDE DIAMETER OF | MINIMUMLENGTH | MINIMUM SIZE OF 
PIPEORCOVERING | OF COLOR FIELD LETTERS 
__(inches) (inches) | (inches) 
i /2to 1% ‘4 sediseH 16 Sv #2 ; ; Y, 
f 1 ton 2ij = aise st 8 | ‘ Ya 
2h to 6 ‘ 12 1% 
Bott 8 to 10. ele TEE pe OA 24 eal 2 
over 10 EP al | 3% 


For SI units: 1 inch = 25.4 mm 


1204.5 Location of Piping Identification. The background 
color and required information shall be indicated every 20 feet 
(6096 mm) but not less than once per room, and shall be visible 
from the floor level. 


1204.6 Flow Directions. Flow directions shall be indicated 
on the system. 


1205.0 Installation, Testing, and Inspection. 


1205.1 Operating Instructions. Operating and maintenance 
information shall be provided to the building owner. 


1205.2 Pressure Testing. System piping and components 
shall be tested with a pressure of not less than one and one-half 
times the operating pressure but not less than 100 psi (689 kPa). 
Piping shall be tested with water or air except that plastic pipe 
shall not be tested with air. Test pressures shall be held for a 
period of not less than 30 minutes with no perceptible drop in 
pressure. These tests shall be made in the presence of the 
Authority Having Jurisdiction. 

Exceptions: 

(1) For PEX, PP-R, PP-RCT, PEX-AL-PEX, PE-RT, and PE- 
AL-PE piping systems, testing with air shall be permitted 
where authorized by the manufacturer’s instructions for the 
PEX, PP-R, PP-RCT, PEX-AL-PEX, PE-RT, and PE-AL- 
PE pipe and fittings products, and air testing is not prohib- 
ited by applicable codes, laws, or regulations outside this 
code. 


Note: [HCD 1 & HCD 2] PEX-AL-PEX is not adopted 
in the California Plumbing Code for use in potable water 
supply and distribution systems. 


(2) Copper tubing shall be permitted to be tested at not less 
than 80 psi (552 kPa). 


1205.3 Flushing. Heating and cooling sources, system pip- 
ing and tubing shall be flushed after installation with water or a 
cleaning solution. Cleaning and flushing of the heating and cool- 
ing sources shall comply with the manufacturer’s instructions. 
The cleaning solution shall be compatible with all system com- 
ponents and shall be used in accordance with the manufacturer’s 
instructions. 
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. 1206.0 Pressure and Safety Devices. 


1206.1 General. Each closed hydronic system shall be pro- 
tected against pressures exceeding design limitations with not 
less than one pressure relief valve. Each closed section of the 
system containing a heat source shall have a relief valve located 
so that the heat source is not capable of being isolated from a 
relief device. Pressure relief valves shall be installed in accor- 
dance with their listing and the manufacturer’s installation 
instructions. 

1206.2 Discharge Piping. The discharge piping serving a 
temperature relief valve, pressure relief valve, or combination 
of both shall have no valves, obstructions, or means of isola- 
tion and be provided with the following: 


(1) Equal to the size of the valve outlet and shall discharge 
full size to the flood level of the area receiving the dis- 
charge and pointing down. 


(2) Materials shall be rated at not less than the operating tem- 
perature of the system and approved for such use. 


(3) Discharge pipe shall discharge independently by gravity 
through an air gap into the drainage system or outside of 
the building with the end of the pipe not exceeding 2 feet 
(610 mm) and not less than 6 inches (152 mm) above the 
ground and pointing downwards. 


(4) Discharge in such a manner that does not cause personal 
injury or structural damage. 


(5) No part of such discharge pipe shall be trapped or subject 
to freezing. 


(6) The terminal end of the pipe shall not be threaded. 


(7) Discharge from a relief valve into a water heater pan shall 
be prohibited. 


1207.0 Heating Appliances and Equipment. 


1207.1 General. Heating appliances, equipment, safety and 
operational controls shall be listed for its intended use in a 
hydronic heating system and installed in accordance with the 
manufacturer’s installation instructions. 


1207.2 Boilers. Boilers and their control systems shall com- 
ply with Section 1002.0. 


1207.2.1 Condensing Boilers. A condensing boiler, in 
which the heat exchanger and venting system are 
designed to operate with condensing flue gases, shall be 
permitted to be connected directly to the panel heating 
system without a protective mixing device. 


1207.2.2 Noncondensing Boilers. Where the heat 
exchanger and venting system are not designed to operate 
with condensed flue gases, the boiler shall be permitted to 
connect directly to the panel heating system where pro- 
tected from flue gas condensation. The operating temper- 
ature of the boiler shall be more than the fluid temperature 
in accordance with the manufacturer’s instructions. 


1207.3 Dual-Purpose Water Heaters. Water heaters used 
for combined space- and water-heating applications shall be in 
accordance with the standards referenced in Table 1203.2, and 
shall be installed in accordance with the manufacturer’s instal- 
lation instructions. Water used as the heat transfer fluid in the 
hydronic heating system shall be isolated from the potable 


2022 CALIFORNIA MECHANICAL CODE 


water supply and distribution in accordance with Section 
312.1, Section 1202.0, and Section 1218.0. 


1207.3.1 Temperature Limitations. Where a com- 
bined space- and water-heating application requires water 
for space heating at temperatures exceeding 140°F 

| (60°C), a thermostatic mixing valve in accordance with 
ASSE 1017 shall be installed to temper the water supplied 
to the potable water distribution system to a temperature 
of 140°F (60°C) or less. 


1207.4 Solar Heat Collector Systems. Solar water heat- 
ing systems used in hydronic panel radiant heating systems 
shall be installed in accordance with the Uniform Solar, 
Hydronics and Geothermal Code (USHGC). 


1208.0 Circulators and Pumps. 


1208.1 General. Circulators and pumps shall be selected 
for their intended use based on the heat transfer fluid, 
intended operating temperature range and pressure. Circula- 
tors and pumps shall be installed to allow for service and 
maintenance. The manufacturer’s installation instructions 
shall be followed for correct orientation and installation. 
Motor Operated pumps rated 600V or less shall be listed and 
labeled in accordance with UL 778. 

1208.2 Mounting. The circulator or pump shall be installed 
in such a way that strain from the piping is not transferred to 
the circulator or pump housing. The circulator or pump shall 
be permitted to be directly connected to the piping, provided 
the piping is supported on each side of the circulator or pump. 
Where the installation of a circulator or pump will cause strain 
on the piping, the circulator or pump shall be installed on a 
mounting bracket or base plate. Where means for controlling 
vibration of a circulator or pump is required, an approved 
means for support and restraint shall be provided. 

1208.3 Sizing. The selection and sizing of a circulator or 
pump shall be based on all of the following: 


(1) Loop or system head pressure, feet of head (m) 

(2) Capacity, gallons per minute (L/s) 

(3) Maximum and minimum temperature, °F (°C) 

(4) Maximum working pressure, pounds per square inch (kPa) 
(5) Fluid type 


1209.0 Expansion Tanks. 


1209.1 General. An expansion tank shall be installed in each 
closed hydronic system to control system pressure due to ther- 
mal expansion and contraction. Expansion tanks shall be of 
the closed or open type. Expansion tanks shall be rated for the 
pressure of the system. 


1209.2 Installation. Expansion tanks shall be accessible for 
maintenance and shall be installed in accordance with the man- 
| ufacturer’s installation instructions. Each expansion tank shall 
be equipped with a shutoff device that will remain open during 
| operation of the hydronic system. Valve handles shall be locked 
open or removed to prevent from being inadvertently shut off. 
Provisions shall be made for draining the tank without empty- 
ing the system. Expansion tanks shall be securely fastened to 
the structure. Supports shall be capable of carrying twice the 
weight of the tank filled with water without placing a strain on 
connecting piping. Hot-water-heating systems incorporating 
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hot water tanks or fluid relief columns shall be installed to pre- 
vent freezing under normal operating conditions. 


1209.3 Open-Type Expansion Tanks. Open type expan- 
sion tanks shall be located not less than 3 feet (914 mm) above 
the highest point of the system. An overflow with a diameter 
of not less than one-half the size of the supply or not less than 
1 inch (25 mm) in diameter shall be installed at the top of the 
tank. The overflow shall discharge through an air gap into the 
drainage system. 


1209.4 Closed-Type Tanks. Closed-type expansion tanks 
shall be designed for a hydrostatic test pressure of two and 
one-half times the allowable working pressure of the system. 
Expansion tanks for systems designed to operate at more than 
30 pounds-force per square inch (psi) (207 kPa) shall comply 
with ASME BPVC Section VIII. 


1209.5 Sizing. Expansion tanks shall be sized to accept the 
full expansion volume of the fluid in the system. The mini- 
mum capacity of a closed-type expansion tank shall be sized 
in accordance with Section 1004.4. 


1210.0 Materials. 


1210.1 Piping, Tubing, and Fittings. Hydronic pipe and 
tubing shall comply with the applicable standards referenced 
in Table 1210.1 and shall be approved for use based on the 
intended purpose. Materials shall be rated for the operating 
temperature and pressure of the system and shall be compati- 
ble with the type of heat transfer fluid. Pipe fittings and valves 
shall be approved for the specific installation with the piping, 
materials to be installed and shall comply with the applicable 
standards referenced in Table 1210.1. Where required, exterior 
piping shall be protected against freezing, UV radiation, cor- 
rosion and degradation. Embedded pipe or tubing shall com- 
ply with Section 1221.2. 


1210.2 Expansion and Contraction. Pipe and tubing shall 
be so installed that it will not be subject to undue strains or 
stresses, and provisions shall be made for expansion, contrac- 
tion, and structural settlement. [OSHPD 1, 1R, 2, 4 & 5] Pipe 
connections less than 24 inches (64mm) to heating coils, cool- 
ing coils, humidifiers, and similar equipment shall have flexible 
connectors or three (3) 90-degree offsets in close proximity of 
the connection. 


1210.3 Hangers and Supports. Pipe and tubing shall be 
supported in accordance with Section 313.0. Equipment that is 
part of the piping system shall be provided with additional sup- 
port in accordance with this code and manufacturer’s installa- 
tion instructions. 


1210.4 Oxygen Diffusion Corrosion. PEX and PE-RT tub- 
ing in closed hydronic systems shall contain an oxygen barrier. 


Exception: Closed hydronic systems without ferrous compo- 
nents in contact with the hydronic fluid. 


1211.0 Joints and Connections. 


1211.1 General. Joints and connections shall be of an 
approved type. Joints shall be gas and watertight and designed 
for the pressure of the hydronic system. Changes in direction 
shall be made by the use of fittings or with pipe bends. Pipe 
bends shall have a radius of not less than six times the outside 
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TABLE 1210.1 


MATERIALS FOR HYDRONIC SYSTEM PIPING, TUBING, AND FITTINGS 


STANDARDS 


| MATERIAL = 
| PIPING/TUBING 


FITTINGS | 


Copper/Copper Alloy 


ASTM B42, ASTM B43, ASTM B75, 
ASTM B88, ASTM B135, ASTM B251?, 
[ ASTM B302, ASTM B447 


ASME B16.15, ASME B16.18, ASME B16.22, 

ASME B16.23, ASME B16.24, ASME B16.26, | 

ASME B16.29, ASME B16.51, ASSE 1061, 
IAPMO PS 117 


Ductile Iron a. Balle AWWA C115/A21.15 
| AWWA C151/A21.51 


I 


AWWA C110/A21.10!, 
AWWA C153/A21.53 


‘Steel ASME B16.5, ASME B16.9, 

| ASTM A53, ASTM A106, ASTM A254 ASME BI6.11, ASTM A490 
/Stainless Steel = ASTM A269, ASTM A312, — ASTM F1476, ASTM F1548, 
| ASTM A554, ASTM A778 ASTM F3226, IAPMO PS 117 
'GrayIron “Ke — tr ss Gi : ASTM A126 — 
‘Malleable Iron re — ASME B16.3 


‘Chlorinated Polyvinyl Chloride (CPVC) _ | 


ASTM D2846, ASTM F441, 
ASTM F442, CSA B137.6 


ASSE 1061, ASTM D2846, ASTM F437, 
ASTM F438, ASTM F439, ASTM F1970, 
CSA B137.6 


‘Polyethylene (PE) o “a ASTM D1693, ASTM D2 
ASTM D2683, ASTM D2 
ASTM D3035, ASTM D3 


| 


ASTM F714, AWWA C901, 
CSA B137.1, NSF 358-1 


513, 
737, 


350 ASTM D2609, ASTM D2683, ASTM D3261, 


ASTM F1055, CSA B137.1, NSF 358-1 


‘Cross-Linked Polyethylene (PEX) 
ASTM F876, ASTM F3253, CS 


ASSE 1061, ASTM F877, ASTM F1055, 
A B137.5, | ASTM F1807, ASTM F1960, ASTM F2080, 


| NSF 358-3 ASTM F2098, ASTM F2159, ASTM F2735, 
1 ASTM F3253, CSA B137.5, NSF 358-3 
| Polypropylene (PP) enh ASTM F2389, CSA B137.11, NSF 358-2 ASTM F2389, CSA B137.11, NSF 358-2 


‘Polyvinyl Chloride (PVC) 


~ ASTM D2464, ASTM D2466, 


pram ee i gh ASTM D2467, ASTM F1970, 

CSA B137.2, CSA B137.3 
‘Raised Temperature Polyethylene (PE-RT) | ASSE 1061, ASTM F1807, ASTM F2159, 
| oa beeen pasbioe ASTM F2735, ASTM F2769, ASTM D3261, 

ASTM F1055, CSA B137.18 | 
‘Cross-Linked Polyethylene/ — i 34 

; 12 TM F1974, ASTM F2434, 
| Aluminum/Cross-Linked Polyethylene ASTM F1281, CSA B137.10 eS TM dg: eA fend 2 

(PEX-AL-PEX) ; | AS 
aeons ae pepe ere Neeser AIS ASTM F1282, CSA B137.9 ASTM F1282, ASTM F1974, CSA B137.9 
‘Chlorinated Polyvinyl Chloride/Alu- i | 
‘minum/ Chlorinated Polyvinyl Chloride ASTM F2855 ASTM D2846 
(CPVCIALICPVC) 
Note: 


' Ductile and gray iron. 
> Only type K, L, or M tubing allowed to be installed. 


diameter of the tubing or shall be in accordance with the man- (1) 
ufacturer’s installation instructions. Joints between pipe and 

fittings shall be installed in accordance with the manufac- 

turer’s installation instructions. 


1211.2 Chlorinated Polyvinyl Chloride (CPVC) Pipe. (2) 
Joints between chlorinated polyvinyl chloride (CPVC) pipe 

| and fittings shall be installed in accordance with one of the 
following methods: 
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Mechanical joints shall include flanged, grooved, and push 
fit fittings. Removable and non-removable push fit fittings 
with an elastomeric o-ring that employ quick assembly 
push fit connectors shall be in accordance with ASSE 1061. 


Solvent cement joints for CPVC pipe and fittings shall be 
clean from dirt and moisture. Solvent cements in accor- 
dance with ASTM F493, requiring the use of a primer 
shall be orange in color. The primer shall be colored and 


2022 CALIFORNIA MECHANICAL CODE 


( 
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(3) 


be in accordance with ASTM F656. Listed solvent 
cement in accordance with ASTM F493 that does not 
require the use of primers, yellow or red in color, shall be 
permitted for pipe and fittings manufactured in accor- 
dance with ASTM D2846, '/ of an inch (15 mm) through 
2 inches (50 mm) in diameter or ASTM F442, '/ of an 
inch (15 mm) through 3 inches (80 mm) in diameter. 
Apply primer where required inside the fitting and to the 
depth of the fitting on pipe. Apply liberal coat of cement 
to the outside surface of pipe to depth of fitting and inside 
of fitting. Place pipe inside fitting to forcefully bottom 
the pipe in the socket and hold together until joint is set. 
Threaded joints for CPVC pipe shall be made with pipe 
threads in accordance with ASME B1.20.1. A minimum of 
Schedule 80 shall be permitted to be threaded, and the 
pressure rating shall be reduced by 50 percent. The use of 
molded fittings shall not result in a 50 percent reduction in 
the pressure rating of the pipe provided that the molded 
fittings shall be fabricated so that the wall thickness of the 
material is maintained at the threads. Thread sealant com- 
pound that is compatible with the pipe and fitting, insolu- 
ble in water, and nontoxic shall be applied to male threads. 
Caution shall be used during assembly to prevent over 
tightening of the CPVC components once the thread 
sealant has been applied. Female CPVC threaded fittings 
shall be used with plastic male threads only. 


1211.3 CPVC/AL/CPVC Plastic Pipe and Joints. Joints 
between chlorinated polyvinyl chloride/aluminum/ chlori- 

| nated polyvinyl chloride (CPVC/AL/CPVC) pipe and fittings 
shall be installed in accordance with one of the following 
methods: 


| ae 
(2) 


Mechanical joints shall include flanged, grooved, and 
push-fit fittings. 


Solvent cement joints for CPVC/AL/CPVC pipe and fit- 
tings shall be clean from dirt and moisture. Solvent 
cements in accordance with ASTM F493, requiring the 
use of a primer shall be orange in color. The primer shall 
be colored and be in accordance with ASTM F656. 
Listed solvent cement in accordance with ASTM F493 
that does not require the use of primers, yellow in color, 
shall be permitted for pipe and fittings manufactured in 
accordance with ASTM D2846, % of an inch (15 mm) 
through 2 inches (50 mm) in diameter, 2 of an inch (15 
mm) through 3 inches (80 mm) in diameter. Apply 
primer where required inside the fitting and to the depth 
of the fitting on pipe. Apply liberal coat of cement to the 
outside surface of pipe to depth of fitting and inside of 
fitting. Place pipe inside fitting to forcefully bottom the 
pipe in the socket and hold together until joint is set. 


1211.4 Copper or Copper Alloy Pipe and Tubing. 

| Joints between copper or copper alloy pipe or tubing and fit- 
tings shall be installed in accordance with one of the follow- 
ing methods: 


KS 


Brazed joints between copper or copper alloy pipe or tub- 
ing and fittings shall be made with brazing alloys hav- 
ing a liquid temperature above 1000°F (538°C). The joint 
surfaces to be brazed shall be cleaned bright by either 
manual or mechanical means. Tubing shall be cut square 
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and reamed to full inside diameter. Brazing flux shall be 
applied to the joint surfaces where required by manufac- 
turer’s recommendation. Brazing filler metal in accor- 
dance with AWS AS.8 shall be applied at the point where 
the pipe or tubing enters the socket of the fitting. 


Flared joints for soft copper or copper alloy tubing shall 
be made with fittings that are in accordance with the 
applicable standards referenced in Table 1210.1. Pipe or 
tubing shall be cut square using an appropriate tubing 
cutter. The tubing shall be reamed to full inside diame- 
ter, resized to round, and expanded with a proper flaring 
tool. 


Mechanically formed tee fittings shall have extracted col- 
lars that shall be formed in a continuous operation con- 
sisting of drilling a pilot hole and drawing out the pipe or 
tube surface to form a collar having a height not less than 
three times the thickness of the branch tube wall. The 
branch pipe or tube shall be notched to conform to the 
inner curve of the run pipe or tube and shall have two 
dimple depth stops to ensure that penetration of the 
branch pipe or tube into the collar is of a depth for braz- 
ing and that the branch pipe or tube does not obstruct the 
flow in the main line pipe or tube. Dimple depth stops 
shall be in line with the run of the pipe or tube. The sec- 
ond dimple shall be '/4 of an inch (6.4 mm) above the 
first and shall serve as a visual point of inspection. Fit- 
tings and joints shall be made by brazing. Soldered joints 
shall not be permitted. 


Pressed fittings for copper or copper alloy pipe or tub- 
ing shall have an elastomeric o-ring that forms the joint. 
The pipe or tubing shall be fully inserted into the fitting, 
and the pipe or tubing marked at the shoulder of the fit- 
ting. Pipe or tubing shall be cut square, chamfered, and 
reamed to full inside diameter. The fitting alignment 
shall be checked against the mark on the pipe or tubing 
to ensure the pipe or tubing is inserted into the fitting. 
The joint shall be pressed using the tool recommended by 
the manufacturer. 


Removable and nonremovable push fit fittings for copper 
or copper alloy tubing or pipe that employ quick assem- 
bly push fit connectors shall be in accordance with ASSE 
1061. Push fit fittings for copper or copper alloy pipe or 
tubing shall have an approved elastomeric o-ring that 
forms the joint. Pipe or tubing shall be cut square, cham- 
fered, and reamed to full inside diameter. The tubing 
shall be fully inserted into the fitting, and the tubing 
marked at the shoulder of the fitting. The fitting align- 
ment shall be checked against the mark on the tubing to 
ensure the tubing is inserted into the fitting and gripping 
mechanism has engaged on the pipe. 


Soldered joints between copper or copper alloy pipe or 
tubing and fittings shall be made in accordance with 
ASTM B828. Pipe or tubing shall be cut square and 
reamed to the full inside diameter including the removal 
of burrs on the outside of the pipe or tubing. Surfaces to 
be joined shall be cleaned bright by manual or mechani- 
cal means. Flux shall be applied to pipe or tubing and fit- 
tings and shall be in accordance with ASTM B813, and 
shall become noncorrosive and nontoxic after soldering. 
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Insert pipe or tubing into the base of the fitting and 
remove excess flux. Pipe or tubing and fitting shall be 
supported to ensure a uniform capillary space around the 
joint. Solder in accordance with ASTM B32 shall be 
applied to the joint surfaces until capillary action draws 
the molten solder into the cup. Joint surfaces shall not be 
disturbed until cool, and any remaining flux residue shall 
be cleaned. 


(7 


— 


Threaded joints for copper or copper alloy pipe shall be 
made with pipe threads in accordance with ASME 
B1.20.1. Thread sealant tape or compound shall be 
applied only on male threads, and such material shall be 
of approved types, insoluble in water, and nontoxic. 


1211.5 Cross-Linked Polyethylene (PEX) Pipe. Joints 
| between cross-linked polyethylene (PEX) pipe and fittings 
shall be installed with fittings for PEX tubing that comply 
with the applicable standards referenced in Table 1210.1. 
PEX tubing labeled in accordance with ASTM F876 shall be 
marked with the applicable standard designation for the fit- 
tings specified for use with the tubing. Mechanical joints shall 
be installed in accordance with the manufacturer’s installa- 
tion instructions. 


1211.6 Cross-Linked Polyethylene/Aluminum/Cross- 
Linked Polyethylene (PEX-AL-PEX) Pipe. Joints between 
cross-linked polyethylene/aluminum/cross-linked polyethyl- 
| ene (PEX-AL-PEX) pipe and fittings shall be installed in accor- 
dance with one of the following methods: 


| (1) Mechanical joints between PEX-AL-PEX pipe and fittings 
shall include mechanical and compression type fittings and 
insert fittings with a crimping ring. Insert fittings utilizing 
a crimping ring shall be in accordance with ASTM F1974 
or ASTM F2434. Crimp joints for crimp insert fittings 


shall be joined to PEX-AL-PEX pipe by the compression, 


of a crimp ring around the outer circumference of the pipe, 
forcing the pipe material into annular spaces formed by 
ribs on the fitting. 


(2 


— 


Compression joints shall include compression insert fit- 
tings and shall be joined to PEX-AL-PEX pipe through the 
compression of a split ring or compression nut around the 
outer circumference of the pipe, forcing the pipe material 
into the annular space formed by the ribs on the fitting. 


Note: [HCD 1 & HCD 2] PEX-AL-PEX is not adopted in 
the California Plumbing Code for use in potable water sup- 
ply and distribution systems. 


1211.7 Ductile Iron Pipe. Joints between ductile iron pipe 


| and fittings shall be installed in accordance with one of the fol- . 


lowing methods: 


| (1) Mechanical joints for ductile iron pipe and fittings shall 
consist of a bell that is cast integrally with the pipe or fit- 
ting and provided with an exterior flange having bolt holes 
and a socket with annular recesses for the sealing gasket 
and the plain end of the pipe or fitting. The elastomeric 
gasket shall comply with AWWA C111. Lubricant rec- 
ommended for the application by the pipe manufacturer 
shall be applied to the gasket and plain end of the pipe. 


| (2) Push-on joints for ductile iron pipe and fittings shall con- 
sist of a single elastomeric gasket that shall be assembled 
by positioning the elastomeric gasket in an annular recess 
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in the pipe or fitting socket and forcing the plain end of 
the pipe or fitting into the socket. The plain end shall com- 
press the elastomeric gasket to form a positive seal and 
shall be designed so that the elastomeric gasket shall be 
locked in place against displacement. The elastomeric gas- 
ket shall comply with AWWA C111. Lubricant recom- 
mended for the application by the pipe manufacturer shall 
be applied to the gasket and plain end of the pipe. 


1211.8 Polyethylene (PE) Plastic Pipe/Tubing. Joints 
between polyethylene (PE) plastic pipe or tubing and fittings 
shall be installed in accordance with one of the following meth- 
ods: 


(1) Butt-fusion joints shall be installed in accordance with 
ASTM F2620 and shall be made by heating the squared 
ends of two pipes, pipe and fitting, or two fittings by hold- 
ing ends against a heated element. The heated element 
shall be removed where the proper melt is obtained, and 
joined ends shall be placed together with applied force. 


(2) Electro-fusion joints shall be heated internally by a con- 
ductor at the interface of the joint. Align and restrain fit- 
ting to pipe to prevent movement and apply electric 
current to the fitting. Turn off the current when the proper 
time has elapse to heat the joint. The joint shall fuse 
together and remain undisturbed until cool. 


(3) Socket-fusion joints shall be installed in accordance 
ASTM F2620 and shall be made by simultaneously heat- 
ing the outside surface of a pipe end and the inside of a fit- 
ting socket. Where the proper melt is obtained, the pipe 
and fitting shall be joined by inserting one into the other 
with applied force. The joint shall fuse together and 
remain undisturbed until cool. 


(4) Mechanical joints between PE pipe or tubing and fittings | 


shall include insert and mechanical compression fittings 
that provide a pressure seal resistance to pullout. Joints 
for insert fittings shall be made by cutting the pipe square, 
using a cutter designed for plastic piping, and removal of 
sharp edges. Two stainless steel clamps shall be placed 
over the end of the pipe. Fittings shall be checked for 
proper size based on the diameter of the pipe. The end of 
pipe shall be placed over the barbed insert fitting, making 
contact with the fitting shoulder. Clamps shall be posi- 
tioned equal to 180 degrees (3.14 rad) apart and shall be 
tightened to provide a leak tight joint. Compression type 
couplings and fittings shall be permitted for use in joining 
PE piping and tubing. Stiffeners that extend beyond the 
clamp or nut shall be prohibited. Bends shall be not less 
than 30 pipe diameters, or the coil radius where bending 
with the coil. Bends shall not be permitted closer than 10 
pipe diameters of a fitting or valve. Mechanical joints 
shall be designed for their intended use. 


1211.9 Polyethylene/Aluminum/Polyethylene (PE-AL- 
PE). Joints between polyethylene/aluminum/polyethylene 


(PE-AL-PE) pipe and fittings shall be installed in accordance | 


with one of the following methods: 


(1) Mechanical joints for PE-AL-PE pipe or tubing and fit- | 


tings shall be either of the metal insert fittings with a split 
ring and compression nut or metal insert fittings with cop- 
per crimp rings. Metal insert fittings shall comply with 
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ASTM F1974. Crimp insert fittings shall be joined to the 
pipe by placing the copper crimp ring around the outer 
circumference of the pipe, forcing the pipe material into 
the space formed by the ribs on the fitting until the pipe 
contacts the shoulder of the fitting. The crimp ring shall 
then be positioned on the pipe so the edge of the crimp 
ring is '/s of an inch (3.2 mm) to '/4 of an inch (6.4 mm) 
from the end of the pipe. The jaws of the crimping tool 
shall be centered over the crimp ring and tool perpendi- 
cular to the barb. The jaws shall be closed around the 
crimp ring and shall not be crimped more than once. 


Compression joints for PE-AL-PE pipe or tubing and fit- 
tings shall be joined through the compression of a split 
ring, by a compression nut around the circumference of 
the pipe. The compression nut and split ring shall be 
placed around the pipe. The ribbed end of the fitting shall 
be inserted onto the pipe until the pipe contacts the shoul- 
der of the fitting. Position and compress the split ring by 
tightening the compression nut onto the insert fitting. 


1211.10 Polyethylene of Raised Temperature (PE-RT). 
Joints between polyethylene of raised temperature (PE-RT) 
| tubing and fittings shall be installed with fittings for PE-RT 
tubing that comply with the applicable standards referenced 
in Table 1210.1. Metal insert fittings, metal compression fit- 
tings, and plastic fittings shall be manufactured to and marked 
in accordance with the standards for fittings in Table 1210.1. 


1211.11 Polypropylene (PP) Pipe. Joints between 


| polypropylene pipe and fittings shall be installed in accor- 
dance with one of the following methods: 


(1) 


(2) 


Heat fusion joints for polypropylene (PP) pipe shall be 
installed with socket-type heat-fused polypropylene fit- 
tings, butt-fusion polypropylene fittings or pipe, or elec- 
tro-fusion polypropylene fittings. Joint surfaces shall be 
clean and free from moisture. The joint shall be undis- 
turbed until cool. Joints shall be made in accordance with 
ASTM F2389 or CSA B137.11. 


Mechanical and compression sleeve joints shall be 
installed in accordance with the manufacturer’s installa- 
tion instructions. Polypropylene pipe shall not be 
threaded. Polypropylene transition fittings for connec- 
tion to other piping materials shall only be threaded by 
the use of copper alloy or stainless steel inserts molded 
in the fitting. 


1211.12 Polyvinyl Chloride (PVC) Pipe. Joints between 
| polyvinyl chloride pipe and fittings shall be installed in accor- 
dance with one of the following methods: 


(1) 


Mechanical joints shall be designed to provide a perma- 
nent seal and shall be of the mechanical or push-on joint. 
The mechanical joint shall include a pipe spigot that has 
a wall thickness to withstand without deformation or col- 
lapse; the compressive force exerted where the fitting is 
tightened. The push-on joint shall have a minimum wall 
thickness of the bell at any point between the ring and 
the pipe barrel. The elastomeric gasket shall comply with 
ASTM D3139, and be of such size and shape as to pro- 
vide a compressive force against the spigot and socket 
after assembly to provide a positive seal. 
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(2) Solvent cement joints for PVC pipe and fittings shall be | 
clean from dirt and moisture. Pipe shall be cut square and 
pipe shall be deburred. Where surfaces to be joined are 
cleaned and free of dirt, moisture, oil, and other foreign 
material, apply primer purple in color in accordance with 
ASTM F656. Primer shall be applied until the surface of 
the pipe and fitting is softened. Solvent cements in accor- 
dance with ASTM D2564 shall be applied to all joint sur- 
faces. Joints shall be made while both the inside socket 
surface and outside surface of pipe are wet with solvent 
cement. Hold joint in place and undisturbed for 1 minute 
after assembly. 


(3) Threads shall comply with ASME B1.20.1. A minimum 
of Schedule 80 shall be permitted to be threaded; how- 
ever, the pressure rating shall be reduced by 50 percent. 
The use of molded fittings shall not result in a 50 per- 
cent reduction in the pressure rating of the pipe provided 
that the molded fittings shall be fabricated so that the 
wall thickness of the material is maintained at the 
threads. Thread sealant compound that is compatible 
with the pipe and fitting, insoluble in water, and nontoxic 
shall be applied to male threads. Caution shall be used 
during assembly to prevent over tightening of the PVC 
components once the thread sealant has been applied. 
Female PVC threaded fittings shall be used with plastic 
male threads only. 


1211.13 Steel Pipe and Tubing. Joints between steel pipe 
or tubing and fittings shall be installed in accordance with one | 
of the following methods: 


(1) Mechanical joints shall be made with an approved and 
listed elastomeric gasket. 


(2) Threaded joints shall be made with pipe threads that are 
in accordance with ASME B1.20.1. Thread sealant tape 
or compound shall be applied only on male threads, and 
such material shall be of approved types, insoluble in 
water, and nontoxic. 


(3) Welded joints shall be made by electrical arc or oxy- 
gen/acetylene method. Joint surfaces shall be cleaned by 
an approved procedure. Joints shall be welded by an 
approved filler metal. 


(4) Pressed joints shall have an elastomeric o-ring that forms 
the connection. The pipe or tubing shall be fully inserted 
into the fitting, and the pipe or tubing marked at the 
shoulder of the fittings. Pipe or tubing shall be cut square, 
chamfered, and reamed to full inside diameter. The fit- 
ting alignment shall be checked against the mark on the 
pipe or tubing to ensure the pipe or tubing is fully 
inserted into the fitting. The joint shall be pressed using 
the tool recommended by the manufacturer. 


1211.14 Joints Between Various Materials. Joints 
between various materials shall be installed in accordance 
with the manufacturer’s installation instructions and shall 
comply with Section 1211.14.1 and Section 1211.14.2. 


1211.14.1 Copper or Copper Alloy Pipe or Tubing 
to Threaded Pipe Joints. Joints from copper or cop- 
per alloy pipe or tubing to threaded pipe shall be made by 
the use of copper alloy adapter, copper alloy nipple [min- 
imum 6 inches (152 mm)], dielectric fitting, or dielectric 
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union in accordance with ASSE 1079. The joint between 
the copper or copper alloy pipe or tubing and the fitting 
shall be a soldered, brazed, flared, or pressed joint and 
the connection between the threaded pipe and the fitting 
shall be made with a standard pipe size threaded joint. 
1211.14.2 Plastic Pipe to Other Materials. Where 
connecting plastic pipe to other types of piping, approved 
types of adapter or transition fittings designed for the 
specific transition intended shall be used. 


1212.0 Valves. 

1212.1 General. Valves shall be rated for the operating tem- 
perature and pressure of the system. Valves shall be compatible 
with the type of heat transfer medium and piping material. 
1212.2 Where Required. Valves shall be installed in 
hydronic piping systems in accordance with Section 1212.3 
through Section 1212.11. 

1212.3 Heat Exchanger. Isolation valves shall be installed 
on the supply and return side of the heat exchanger. 

1212.4 Pressure Vessels. Isolation valves shall be installed 
on connections to pressure vessels. 

1212.5 Pressure Reducing Valves. Isolation valves shall 
be installed on both sides of a pressure reducing valve. 

1212.6 Equipment, Components, and Appliances. Serv- 
iceable equipment, components, and appliances within the sys- 
tem shall have isolation valves installed upstream and 
downstream of such devices. 

1212.7 Expansion Tank. Isolation valves shall be installed 
at connections to non-diaphragm-type expansion tanks. 
1212.8 Flow Balancing Valves. Where flow balancing 
valves are installed, such valves shall be capable of increasing 
or decreasing the amount of flow by means of adjustment. 
1212.9 Mixing or Temperature Control Valves. Where 
mixing or temperature control valves are installed, such valves 
shall be capable of obtaining the design water temperature and 
design flow requirements. 

1212.10 Thermosiphoning. An approved type check valve 
shall be installed on liquid heat transfer piping to control ther- 
mosiphoning of heated liquids. 

1212.11 Air Removal Device or Air Vents. Isolation valves 
shall be installed where air removal devices or automatic air 
vents are utilized to permit cleaning, inspection, or repair with- 
out shutting the system down. 


1213.0 System Controls. 


1213.1 Water Temperature Controls. A heat source or sys- 
tem of commonly connected heat sources shall be protected by 
a water-temperature-activated operating control to stop heat out- 
put of the heat source where the system water reaches a pre-set 
operating temperature. 


1213.2 Operating Steam Controls. A steam heat source or 
system of commonly connected steam heat sources shall be pro- 
tected by a pressure-actuated control to shut off the fuel supply 
where the system pressure reaches a pre-set operating pressure. 
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1213.2.1 Water-Level Controls. A primary water-level 
control shall be installed on a steam heat source to control 
the water level in the heat source. The control shall be 
installed in accordance with the manufacturer’s installation 
instructions. 


1213.3 Occupied Spaces. A temperature-sensing device 
shall be installed in the occupied space to regulate the operation 
of the hydronic system. 


1213.4 Simultaneous Operation. Radiant heating and cool- 
ing systems sharing a common space temperature control shall 
be configured to prevent simultaneous heating and cooling. 


1213.5 Temperature Reading. A temperature gauge or 
transmitter shall be installed for reading the fluid tempera- 
tures in the panel system supply and heat source outlet. One 
temperature gauge or transmitter shall be permitted where the 
temperature between the heat source outlet and panel system 
supply are the same. 


1214.0 Pressure and Flow Controls. 


1214.1 Balancing. A means for balancing distribution 
loops, heat emitting devices, and multiple boiler installations 
shall be provided in accordance with the manufacturer’s 
instructions. A means for balancing and flow control shall 
include the piping design, pumping equipment, or balancing 
devices. 

1214.2 Low-Water Control. Direct-fired heat sources 
within a closed heating system shall have a low-water fuel 
cut-off device, except as specified in Section 1214.3. Where 
a low-water control is integral with the heat source as part of 
the appliance’s integrated control and is listed for such use, a 
separate low-water control shall not be required. An external 
cut-off device shall be installed in accordance with the heat- 
source manufacturer’s installation instructions. No valve shall 
be located between the external low-water fuel cut-off and 
the heat-source unit. Where a pumped condensate return is 
installed, a second low-water cut-off shall be provided. 


1214.3 Flow-Sensing Devices. A direct-fired heat source, 
requiring forced circulation to prevent overheating, shall have 
a flow-sensing device installed with the appliance, or such 
device shall be integral with the appliance. A low-water fuel 
cut-off device shall not be required. 


1214.4 Automatic Makeup Fluid. Where an automatic 
makeup fluid supply fill device is used to maintain the fluid | 
content of the heat-source unit, or any closed-loop in the sys- 
tem, the makeup supply shall be located at the expansion tank 
connection or other approved location. 


A pressure-reducing valve shall be installed on a makeup | 
feed line. The pressure of the feed line shall be set in accor- 
dance with the design of the system, and connections to 
potable water shall be in accordance with Section 1202.0 to 
prevent contamination due to backflow. 


1214.5 Differential Pressure Regulation. Provisions 
shall be made to bypass zone flows in excess of design veloc- 
ity in a multi-zone hydronic system where the closing of some 
or all of the two-way zone valves causes excess flow through 
the open zones or deadheading of a fixed-speed circulator or | 


pump. 
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1214.5.1 Differential Pressure Bypass Valve. 
Where a differential pressure bypass valve is used for the 
purpose specified in Section 1214.5, it shall be installed 
and adjusted to provide bypass of the distribution system 
when most or all of the zones are closed. 


1214.6 Air-Removal Device. Provision shall be made for 
the removal of air from fluid in hydronic systems. Air- 

| removal devices shall be located in the areas of the hydronic 
piping system where air is likely to accumulate. Air-removal 
devices shall be installed to facilitate their removal for exam- 
ination, repair, or replacement. 


1214.7 Air-Separation Device. To assist with the removal 

of entrained air, an air-separation device shall be installed in 

hydronic systems. The device shall be located in accordance 

with the manufacturer’s installation instructions or at the 

point of no mechanically-induced pressure change within the 
| hydronic system. 


1214.8 Secondary Loops. Secondary loops that are iso- 
lated from the primary heat-distribution loop by a heat 
exchanger are closed-loop hydronic systems and shall have an 
expansion tank in accordance with Section 1209.0, an air- 
removal device in accordance with Section 1214.6, and an 
air-separation device in accordance with Section 1214.7. 


1215.0 Hydronic Space Heating. 

1215.1 General. Based on the system design, the heat-dis- 
tribution units shall be selected in accordance with the man- 
ufacturer’s specifications. 

1215.2 Installation. Heat-distribution units shall be 
installed in accordance with the manufacturer’s installation 
instructions and this code. 

1215.3 Freeze Protection. Hydronic systems and compo- 
nents shall be designed, installed, and protected from freez- 
ing. 

1215.4 Balancing. System loops shall be installed so that 
the design flow rates are achieved within the system. 
1215.5 Heat Transfer Fluid. The ignitable flash point of 
heat transfer fluid in a hydronic piping system shall be a min- 
imum of 50°F (28°C) above the maximum system operating 
temperature. The heat transfer fluid shall be compatible with 
the makeup fluid supplied to the system. 


1216.0 Steam Systems. 

1216.1 Steam Traps. For other than one-pipe steam sys- 
tems, each heat-distribution unit shall be supplied with a 
steam trap that is listed for the application. 

1216.2 Sloping for Two-Pipe System. Two-pipe steam 
system piping and heat-distribution units shall be sloped 
down at not less than '/s inch per foot (10.4 mm/m) in the 
direction of the steam flow. 

1216.3 Sloping for One-Pipe System. One-pipe steam 
system piping and heat-distribution units shall be sloped 
down at not less than !/s inch per foot (10.4 mm/m) towards 
the steam boiler, without trapping. 


1216.4 Automatic Air Vents. Steam automatic air vents 
shall be installed to eliminate air pressure in heat-distribution 
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units on gravity steam piping systems. Air vents shall not be 
used on a vacuum system. 


1216.5 Condensate Flow. System piping shall be installed 
to allow condensate to flow to the condensate receiver or 
steam boiler either by gravity or pump-assisted. 


1216.6 Steam-Distribution Piping. Where multi-row ele- 
ments are installed in an enclosure, they shall be top fed and 
piped in parallel down to the steam trap. A single steam trap 
for each row of heating elements shall be installed. Where the 
size of the return header is increased by a minimum of one 
pipe size, a single steam trap shall be permitted to be installed 
for multiple rows. Where multiple steam unit heaters are 
installed, an individual steam trap for each unit shall be 
installed. 


1217.0 Radiant Heating and Cooling. 


1217.1 Installation. Radiant heating and cooling systems 
shall be installed in accordance with the system design. 


1217.1.1 Manifolds. Manifolds shall be equipped with 
isolation valves on the supply and return lines. Manifolds 
shall be capable of withstanding the pressure and tem- 
perature of the system. The material of the manifold shall 
be compatible with the system fluid and shall be installed 
in accordance with the manufacturer’s installation 
instructions. 


1217.2 Radiant Under-Floor Heating. Floor finished sur- 
face temperatures shall not exceed the following temperatures 
for space heating applications: 


(1) 85°F (29°C) in general occupied applications. 


(2) 90°F (32°C) in bathrooms, foyers, distribution areas such 
as hallways and indoor swimming pools. 


(3) 88°F (31°C) in industrial spaces. 

(4) 95°F (35°C) in radiant panel perimeter areas, i.e., up to 
2.5 feet (762 mm) from outside walls. 
The radiant heating system temperature shall not exceed 


the maximum temperature rating of the materials used in its 
construction. 


1217.3 Radiant Cooling Systems. Radiant cooling sys- 
tems shall be designed to minimize the potential for conden- 
sation. To prevent condensation on any cooled radiant 
surface, the supply water temperature for a radiant cooling 
system shall be not less than 3°F (2°C) above the anticipated 
space dewpoint temperature, or in accordance with the man- 
ufacturer’s recommendation. Chilled water piping, valves, 
and fittings shall be insulated and vapor sealed to prevent sur- 
face condensation. 


1217.4 Tube Placement. Hydronic radiant system tubing 
shall be installed in accordance with the manufacturer’s 
installation instructions and with the tube layout and spacing 
in accordance with the system design. Except for distribution 
mains, tube spacing and the individual loop lengths shall be 
installed with a variance of not more than +10 percent from 
the design. The maximum loop length of continuous tubing 
from a supply-and-return manifold shall not exceed the 
lengths specified by the manufacturer or, in the absence of 
manufacturer’s specifications, the lengths specified in Table 
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1217.4. Actual loop lengths shall be determined by spacing, 
flow rate, and pressure drop requirements as specified in the 
system design. 

For the purpose of system balancing, each individual 
loop shall have a tag securely affixed to the manifold to indi- 
cate the length of the loop and the room(s) and area(s) served. 


TABLE 1217.4 
MAXIMUM LENGTH OF CONTINUOUS TUBING FROM 
A SUPPLY-AND-RETURN MANIFOLD ARRANGEMENT 


~ NOMINALTUBE SIZE = | MAXIMUMLOOP LENGTH 
| Vey (inches) vis © mh i (feet) 
| SLU 125 
bith ne Phas 200 
1099.2 MWineréls ecules shall 250 ; 
tronic pipind/ayetanloy 300 
bmnecivis nits’ Nehd baitiend ~ 400 
| lq 500 
| 1 750 


1217.5 Poured Floor Structural Concrete Slab Sys- 
tems (Thermal Mass). Where tubing is embedded in a 
structural concrete slab such tubes shall not be larger in out- 
side dimension than one-third of the overall thickness of the 
slab and shall be spaced not less than three diameters on cen- 
ter except within 10 feet (3048 mm) of the distribution man- 
ifold. The top of the tubing shall be embedded in the slab not 
less than 2 inches (51 mm) below the surface. 


1217.5.1 Slab Penetration Tube and Joint Protec- 
tion. Where embedded in or installed under a concrete 
slab, tubing shall be protected from damage at penetra- 
tions of the slab with protective sleeving approved by the 
tubing manufacturer. The space between the tubing and 
sleeve shall be sealed with an approved sealant compat- 
ible with the tubing. The tubing at the location of an 
expansion joint in a concrete slab shall be encased in pro- 
tective pipe sleeving that covers the tubing not less than 
12 inches (305 mm) on either side of the expansion joint 
or the tubing shall be installed below the slab. 


1217.5.2 Insulation. Where a poured concrete radiant 
floor system is installed in contact with the soil, insula- 
tion recommended by the manufacturer for such an appli- 
cation and with a minimum R-value of 5 shall be placed 
between the soil and the concrete; extend to the outside 
edges of the concrete; and be placed on all slab edges. 


1217.5.2.1 California Energy Code Insulation 
Requirements for Heated Slab Floors. See 
California Energy Code Section 110.8(g) for addi- 
tional insulation requirements for heated slab floors 
—a higher level of insulation is required for Climate 
Zone 16, and more detailed installation require- 
ments apply to all climate zones. 
1217.5.3 Types of Tube Fasteners. Tubing that is 
embedded within concrete shall be fastened according to 
manufacturer's instructions. Unless prohibited by the 
manufacturer, tube fasteners include the following: 
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(1) Ties made of wire, typically fastened to anchors 
such as rebar or wire mesh. 

(2) Plastic tube/cable ties, typically nylon, fastened to 
anchors such as rebar or wire mesh. 

(3) Staples made of metal or plastic or combination 
thereof, without sharp edges that would harm tube, 
fastened to insulation or subfloor. 


(4) Plastic rails with integrated tube holders intended 
for the specific type of tube. 


(5) Insulation sheets with integrated knobs for holding 
the specific type of tube and intended for this appli- 
cation. 


(6) Other fasteners recommended by the manufacturer. 


1217.5.4 Spacing of Tube Fasteners. The maximum 
spacing between tube fasteners within a concrete floor 
shall not exceed the spacing specified by the manufac- 
turer or, in the absence of manufacturer's specifications, 
2.5 feet (762 mm). 


1217.6 Joist Systems and Subfloors. Where tubing is 
installed below a subfloor, the tube spacing shall be in accor- 
dance with the system design and joist space limitations. 


Where tubing is installed above or in the subfloor, the 
tube spacing shall not exceed 12 inches (305 mm) center-to- 
center for living areas. 


Where tubing is installed in the joist cavity, the cavity 
shall be insulated with not less than R-12 material below the 
heated space. 


An air space of not less than | inch (25.4 mm) and not 
more than 3 inches (76 mm) shall be maintained between the 
top of the insulation and the underside of the floor unless a 
conductive plate is installed in accordance with manufac- 
turer’s instructions. 


Where tubing is installed in panels above or in the sub- 
floor and not embedded in concrete, the floor assembly shall 
be insulated with not less than R-5 material below the tubing 
when installed over habitable space. 


1217.6.1 Tubing Fasteners. Tubing that is installed 
within joist spaces and subfloor panel systems shall be 
fastened according to manufacturer's instructions. Unless 
prohibited by the manufacturer, tubing fasteners shall 
include the following: 


(1) Heat transfer panel systems made of wood, alu- 
minum or other thermally conductive materials 
intended for this application and the specific type of 
tube. 


(2) Staples made of metal or plastic or combination 
thereof, without sharp edges that would harm tube. 
intended for this application and the specific type of 
tube fastened to subfloor. 

(3) Plastic rails with integrated tube holders intended 
for the specific type of tube. 

(4) Other fasteners recommended by the manufacturer. 

1217.7 Wall and Ceiling Panels. Where piping is installed 
in the stud wall cavity or the ceiling joist cavity, the cavity 
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shall be insulated with not less than R-12 material. The insu- 
lation shall be installed in such a manner as to prevent heat- 
ing or cooling loss from the space intended to be controlled. 

An air space of not less than | inch (25.4 mm) and not 
more than 3 inches (76 mm) shall be maintained between the 
insulation and the interior surface of the panel unless a con- 
> ductive plate is installed. 

1217.7.1 California Energy Code Pipe Insulation 
Requirements. See California Energy Code Sections 
150.0(j)2 and 120.3(c) for pipe insulation requirements 
based on fluid temperature and pipe diameter — where 
California Energy Code Table 120.3-A specifies insula- 
tion greater than R- 12, the higher value is required. 

)»>» 1217.8 Radiant Heating and Cooling Panels. Radiant 
heating and cooling panels shall be installed in accordance 
| with the manufacturer’s installation instructions. 
» 1217.8.1 Electric Heating Panel Systems. Clear- 
ances for electric heating panels or between outlets, junc- 
tion boxes, mounting luminaries, ventilating, or other 
openings shall comply with the California Electrical 
Code. 
» 1217.8.2 Radiant Wall and Ceiling Panels. Radiant 
panels attached to wood, steel, masonry, or concrete 
framing members shall be fastened by means of anchors, 
bolts, or approved screws of sufficient size and anchor- 
age to support the loads applied. Panels shall be installed 
with corrosion-resistant fasteners. Piping systems shall 
be designed for thermal expansion to prevent the load 
being transmitted to the panel. 


1218.0 Heat Exchangers. 


1218.1 General. Systems utilizing heat exchangers shall 
protect the potable water system from being contaminated by 
the heat transfer medium. Systems that incorporate a single- 
wall heat exchanger to separate potable water from the heat- 
transfer fluid shall meet the following requirements: 


(1) Heat transfer medium is either potable water or contains 
fluids recognized as safe by the Food and Drug Admin- 
istration (FDA) as food grade. 


(2) A tag or label shall be securely affixed to the heat source 
with the word, “CAUTION” and the following statements: 


(a) The heat transfer medium shall be water or other 
nontoxic fluid recognized as safe by the FDA. 


(b) The maximum operating pressure of the heat 
exchanger shall not exceed the maximum operating 
pressure of the potable water supply. 

(3) The word “CAUTION” and the statements listed above 
shall have an uppercase height of not less than 0.120 of 
an inch (3.048 mm). The vertical spacing between lines 
of type shall be not less than 0.046 of an inch (1.168 
mm). Lowercase letters shall be not less than compati- 
ble with the uppercase letter size specification. 


Systems that do not comply with the requirements for a 
single-wall heat exchanger shall install a double wall heat 
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exchanger. Double-wall heat exchangers shall separate the 
potable water from the heat transfer medium by providing a 
space between the two walls that are vented to the atmosphere. 


1219.0 Indirect-Fired Domestic Hot-Water Storage 
Tanks. 


1219.1 General. Domestic hot-water heat exchangers, 
whether internal or external to the heating appliance, shall be 
permitted to be used to heat water in domestic hot-water stor- 
age tanks. Tanks used to store hot water shall be listed for the 
intended use and constructed in accordance with nationally 
recognized standards. A pressure- and temperature-relief 
valve with a set pressure not exceeding 150 percent of the 
maximum operating pressure of the system, and at a temper- 
ature of 210°F (99°C), shall be installed on the storage tank. 


Where the normal operating temperature of the boiler or 
dual-purpose water heater that provides heat input for domes- 
tic hot water exceeds 140°F (60°C), a thermostatically con- 
trolled mixing valve as specified in Section 1207.3.1 shall be 
installed to limit the water supplied to the potable hot water 
system to a temperature of 140°F (60°C) or less. The pota- 
bility of the water shall be maintained throughout the system. 


1220.0 Snow and Ice Melt Systems. j 


1220.1 Use of Chemical Additives and Corrosive Flu- 
ids. Where auxiliary systems contain chemical additives, cor- 
rosive fluids, or both not intended or designed for use in the 
primary system, a double wall heat exchanger shall be used in 
accordance with Section 1218.1. The chemical additives in 
the auxiliary systems shall be compatible with auxiliary sys- 
tem components and accepted for use by the heat exchanger 
manufacturer. 


1220.2 Types of Tube Fasteners. Tubing that is embed- 
ded within concrete shall be fastened according to manufac- 
turer's instructions. Unless prohibited by the manufacturer, 
tube fasteners include the following: 

(1) Ties made of wire, typically fastened to anchors such as 
rebar or wire mesh. 

(2) Plastic tube/cable ties, typically nylon, fastened to 
anchors such as rebar or wire mesh. 

(3) Staples made of metai or plastic or combination thereof, 
without sharp edges that would harm tube, fastened to 
insulation or subfloor. 

(4) Plastic rails with integrated tube holders intended for the 
specific type of tube. 

(5) Insulation sheets with integrated knobs for holding the 
specific type of tube and intended for this application. 

(6) Other fasteners recommended by the manufacturer. 

1220.3 Spacing of Tube Fasteners. The maximum spac- 

ing between tube fasteners within a concrete area shall not 

exceed the spacing specified by the manufacturer or, in the 

absence of manufacturer's specifications, 2.5 feet (762 mm). 
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1220.4 Snow and Ice Melt Controls. An automatic ther- 
mostatically operating control device that controls the supply 
hydronic solution temperature to the snow and ice melt area 
shall be installed in the system. Snow and ice melt systems 
shall be protected from freezing with a mixture of propylene 
glycol or ethylene glycol, and water or other approved fluid. 
Automotive antifreeze shall not be used. 


1220.4.1 Tube Placement. Snow and ice melt tubing 
shall be installed in accordance with the manufacturer’s 
installation instructions and with the tube layout and 
spacing in accordance with the system design. Except for 
distribution mains, tube spacing and the individual loop 
lengths shall be installed with a variance of not more than 
+10 percent from the design. 


The maximum loop length of continuous tubing 
from a supply-and-return manifold arrangement shall not 
exceed the lengths specified by the manufacturer or, in 
the absence of manufacturer’s specifications, the lengths 
specified in Table 1220.4.1. Actual loop lengths shall be 
determined by spacing, flow rate, and pressure drop in 
accordance with the system design. 


TABLE 1220.4.1 
LOOP LENGTHS FOR SNOW AND ICE MELT SYSTEMS'? 


| NOMINAL TUBE SIZE | MAXIMUM ACTIVE | TOTAL LOOP LENGTH | 
’ _(inches) _ a LOOP LENGTH (feet) | (feet) 
_PE-RTandPEXTubing 
lapis tien btveth dal naan | LAX eosin 
ifbishi 18 Sepp wolcddashaghus a 228 iQ Ory a iy 
iin ai) eid) 300 325 
ni 292d SRD anetess0 475 
ave Pia rin. IEA Copper Tubingy Vai Pit 
3/, | fe | 280 
For SI units: 1 inch = 25.4 mm, 1 foot = 304.8 mm ' 


Notes: 


' The total PE-RT and PEX loop lengths consist of two separate sections, 
the active loop, and the leader length. The active loop is installed within 
the heated slab. The leader length is the total distance to and from the man- 
ifold and heated slab, including any vertical distances. 


> The manifolds shall be installed as close to the snow melt area as possible. 


> In concrete use minimum Type L copper water tubing. In bituminous 
pavement use a Type K copper water tubing. 


1220.4.2 Poured Structural Concrete Slab Sys- 
tems. Where tubes are embedded in a structural con- 
crete slab, such tubes shall not be larger in outside 
dimension than one-third of the overall thickness of the 
slab and shall be spaced not less than three diameters on 
center except within 10 feet (3048 mm) of the distribu- 
tion manifold. The top of the tubing shall be embedded 
in the slab not less than 2 inches (51 mm) below the sur- 
face of the finished concrete slab. 


1220.4.3 Slab Penetration Tube and Joint Pro- 


tection. Where embedded in or installed under a con- 
crete slab, tubing shall be protected from damage at 


penetrations of the slab with protective sleeving 
approved by the tubing manufacturer. The space between 
the tubing and sleeve shall be sealed with an approved 
sealant compatible with the tubing. The tubing at the 
location of an expansion joint in a concrete slab shall be 
encased in a protective pipe sleeve that covers the tubing 
not less than 12 inches (305 mm) on either side of the 
joint or the tubing shall be installed below the slab. 


1220.4.4 Concrete Slab Preparation. A solid foun- 
dation shall be prepared before the tubing is installed. Com- 
paction shall be used for slabs, sidewalks, and driveways. 


1220.4.5 Insulation. Where a poured concrete snow 
melt system is installed in contact with the soil, insulation 
recommended by the manufacturer for such application 
and with a minimum R-value of 5 shall be placed 
between the concrete and the compacted grade; and be 
extended as close as practicable to the outside edges of 
the concrete. 


1220.4.5.1 California Energy Code Insulation 
Requirements for Heated Slab Floors. See 
California Energy Code Section 110.8(g) and Table 
110.8-A for additional insulation requirements for 
heated slab floors — a higher level of insulation is 
required for Climate Zone 16, and more detailed 
requirements for installing insulation are specified 
in all climate zones. 


1220.4.6 Testing and Flushing. Testing of snow and 
ice melt systems shall be in accordance with Section 
1205.2 and flushing shall be in accordance with Section 
1205:3: 


1220.5 Hydronic Makeup Air Units. Hydronic makeup 
air units that are affected by freezing shall be protected 
against freezing by a hydronic solution. 


1221.0 Piping Installation. 


1221.1 General. Piping, fittings, and connections shall be 
installed in accordance with the conditions of their approval 
and manufacturer’s installation instructions. 


1221.2 Embedded Piping Materials and Joints. Pip- 
ing embedded in concrete shall be steel pipe, Type L copper 
tubing or plastic pipe or tubing rated at not less than 80 psi at 
180°F (552 kPa at 82°C). Joints of pipe or tubing that are 
embedded in a portion of the building, such as concrete or 
plaster shall be installed in accordance with the requirements 
of Section 1221.2.1 through Section 1221.2.3. 

1221.2.1 Steel Pipe. Steel pipe shall be welded by 

electrical arc or oxygen/acetylene method. 


1221.2.2 Copper Tubing. Copper tubing shall be 
joined by brazing with filler metals having a melting 
point not less than 1000°F (538°C). 


1221.2.3 Plastics. Plastic pipe and tubing shall be 
installed in continuous lengths or shall be joined by heat 
fusion methods or other approved fittings in accordance 
with Table 1210.1 and the manufacturer's installation 
instructions. 


Exception: Solvent cement joints. 
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1221.3 Pressure Testing. Piping to be embedded in con- 
crete shall be pressure-tested in accordance with Section 
1205.2 prior to pouring concrete. During the pour, the pipe 
system shall maintain the test pressure of not less than one 
and one-half times the hydronic system operating pressure 
and not less than 100 psi (689 kPa). During freezing or the 
possibility of freezing conditions, testing shall be done with 
air where permitted by the manufacturer. 


1221.4 System Drainage. Hydronic piping systems shall 
be installed to permit the system to be drained. The system 
shall drain by indirect waste in accordance with Section 
1001.4. Embedded piping underground or under floors is not 
required to be designed for draining the system. 

1221.5 Condensate Drainage. Condensate drains from 
dehumidifying coils shall be constructed and sloped for con- 


densate removal. Such drains shall be installed in accordance 
with Section 310.0. 


1221.6 Clearance to Combustibles. Hydronic piping 
where the exterior temperature exceeds 250°F (121°C) shall 
have a clearance of not less 1 inch (25.4 mm) to combustible 
materials. 
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CHAPTER 13 
FUEL GAS PIPING 


1301.0 Scope of Gas Piping. 


1301.1 Applicability. The regulations of this chapter shall 
govern the installation of fuel gas piping in or in connection 
with a building, structure or within the property lines of prem- 
ises up to 5 pounds-force per square inch (psi) (34 kPa) for 
natural gas and 10 psi (69 kPa) for undiluted propane, other 
than service pipe. Fuel oil piping systems shall be installed 
in accordance with NFPA 31. 


1302.0 Coverage of Piping System. 


1302.1 General. Coverage of piping systems shall extend 
from the point of delivery to the appliance connections. For 
other than undiluted liquefied petroleum gas (LP-Gas) sys- 
tems, the point of delivery shall be the outlet of the service 
meter assembly or the outlet of the service regulator or serv- 
ice shutoff valve where no meter is provided. For undiluted 
LP-Gas systems, the point of delivery shall be considered to 
be the outlet of the final pressure regulator, exclusive of line 
gas regulators where no meter is installed. Where a meter is 
installed, the point of delivery shall be the outlet of the meter. 
[NFPA 54:1.1.1.1(A)] 

1302.2 Piping System Requirements. Requirements for 

piping systems shall include design, materials, components, 

fabrication, assembly, installation, testing, inspection, opera- 
tion, and maintenance. [NFPA 54:1.1.1.1(E)] 

1302.3 Applications. This code shall not apply to the fol- 

| lowing items: 

(1) Portable LP-Gas appliances and equipment of all types 
that are not connected to a fixed fuel piping system. 

(2) Installation of appliances such as brooders, dehydrators, 
dryers, and irrigation equipment used for agricultural 
purposes. 

(3) Raw material (feedstock) applications except for piping 
to special atmosphere generators. 


(4) Oxygen-fuel gas cutting and welding systems. 

(5) Industrial gas applications using such gases as acetylene 
and acetylenic compounds, hydrogen, ammonia, carbon 
monoxide, oxygen, and nitrogen. 

(6) Petroleum refineries, pipeline compressor or pumping 
stations, loading terminals, compounding plants, refin- 
ery tank farms, and natural gas processing plants. 

(7) Large integrated chemical plants or portions of such plants 
where flammable or combustible liquids or gases are pro- 
duced by chemical reactions or used in chemical reactions. 

(8) LP-Gas installations at utility gas plants. 

(9) Liquefied natural gas (LNG) installations. 

(10) Fuel gas piping in electric utility power plants. 

(11)Proprietary items of equipment, apparatus, or instru- 
ments such as gas-generating sets, compressors, and 
calorimeters. 
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(12) LP-Gas equipment for vaporization, gas mixing, and gas 
manufacturing. 


(13) LP-Gas piping for buildings under construction or reno- 
vations that is not to become part of the permanent build- 
ing piping system—that is, temporary fixed piping for 
building heat. 

(14) Installation of LP-Gas systems for railroad switch heat- 
ing. 

(15) Installation of LP-Gas and compressed natural gas 
(CNG) systems on vehicles. 


(16) Gas piping, meters, gas pressure regulators, and other 
appurtenances used by the serving gas supplier in distri- 
bution of gas, other than undiluted LP-Gas. 


(17) Building design and construction, except as specified 
herein. 


(18) Fuel gas systems on recreational vehicles manufactured 
in accordance with NFPA 1192. 


(19) Fuel gas systems using hydrogen as a fuel. 
(20) Construction of appliances. [NFPA 54:1.1.1.2] 


1303.0 Inspection. 


1303.1 Inspection Notification. Upon completion of the 
installation, alteration, or repair of gas piping, and prior to the 
use thereof, the Authority Having Jurisdiction shall be noti- 
fied that such gas piping is ready for inspection. 


1303.2 Excavation. Excavations required for the installa- 
tion of underground piping shall be kept open until such time 
as the piping has been inspected and approved. Where such 
piping is covered or concealed before such approval, it shall 
be exposed upon the direction of the Authority Having Juris- 
diction. 


1303.3 Type of Inspections. The Authority Having Juris- 
diction shall make the following inspections and either shall 
approve that portion of the work as completed or shall notify 
the permit holder wherein the same fails to be in accordance 
with this code. 


1303.3.1 Rough Piping Inspection. This inspection 
shall be made after gas piping authorized by the permit 
has been installed before such piping has been covered or 
concealed, or before fixture or appliance has been 
attached thereto. This inspection shall include a deter- 
mination that the gas piping size, material, and installa- 
tion meet the requirements of this code. 


1303.3.2 Final Piping Inspection. This inspection 
shall be made after piping authorized by the permit has 
been installed and after portions thereof that are to be 
covered or concealed are so concealed and before fix- 
ture, appliance, or shutoff valve has been attached 
thereto. This inspection shall comply with Section 
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1313.1. Test gauges used in conducting tests shall be in 
accordance with Section 1303.3.3 through Section 
1303.3.3.4. 


1303.3.3 Test Gauges. Tests required by this code, 
which are performed utilizing dial gauges, shall be lim- 
ited to gauges having the following pressure graduations 
or increments. 


1303.3.3.1 Pressure Tests (10 psi or less). 
Required pressure tests of 10 psi (69 kPa) or less 
shall be performed with gauges of 0.10 psi (0.69 
kPa) increments or less. 


1303.3.3.2 Pressure Tests (greater than 10 
psi to 100 psi). Required pressure tests exceeding 
10 psi (69 kPa) but less than or equal to 100 psi (689 
kPa) shall be performed with gauges of | psi (7 kPa) 
increments or less. 


1303.3.3.3 Pressure Tests (exceeding 100 
psi). Required pressure tests exceeding 100 psi (689 
kPa) shall be performed with gauges of 2 percent 
increments or less of the required test pressure. 


1303.3.3.4 Pressure Range. Test gauges shall 
have a pressure range not exceeding twice the test 
pressure applied. 


1303.4 Inspection Waived. In cases where the work author- 
ized by the permit consists of a minor installation of additional 
piping to piping already connected to a gas meter, the forego- 
ing inspections shall be permitted to be waived at the discretion 
of the Authority Having Jurisdiction. In this event, the Author- 
ity Having Jurisdiction shall make such inspection as deemed 
advisable in order to be assured that the work has been per- 
formed in accordance with the intent of this code. 


1304.0 Certificate of Inspection. 


1304.1 Issuance. Whereupon final piping inspection, the 
installation is found to be in accordance with the provisions 
of this code, a certificate of inspection shall be permitted to be 
issued by the Authority Having Jurisdiction. 


1304.2 Gas Supplier. A copy of the certificate of such final 
piping inspection shall be issued to the serving gas supplier 
supplying gas to the premises. 


1304.3 Unlawful. It shall be unlawful for a serving gas sup- 
plier or person furnishing gas, to turn on or cause to be turned 
on, fuel gas or a gas meter or meters until such certificate of 
final inspection, as herein provided, has been issued. 


1305.0 Authority to Render Gas Service. 


1305.1 Authorized Personnel. It shall be unlawful for a 
person, firm, or corporation, excepting an authorized agent 
or employee of a person, firm, or corporation engaged in the 
business of furnishing or supplying gas and whose service 
pipes supply or connect with the particular premises, to turn 
on or reconnect gas service in or on a premises where gas 
service is, at the time, not being rendered. 


1305.2 Outlets. It shall be unlawful to turn on or connect gas 
in or on the premises unless outlets are securely connected to 
gas appliances or capped or plugged with screw joint fittings. 
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1306.0 Authority to Disconnect. 


1306.1 Disconnection. The Authority Having Jurisdiction 
or the serving gas supplier is hereby authorized to disconnect 
gas piping or appliance or both that shall be found not to be 
in accordance with the requirements of this code or that are 
found defective and in such condition as to endanger life or 
property. 

1306.2 Notice. Where such disconnection has been made, a 
notice shall be attached to such gas piping or appliance or 
both that shall state the same has been disconnected, together 
with the reasons thereof. 


1306.3 Capped Outlets. It shall be unlawful to remove or 
disconnect gas piping or gas appliance without capping or 
plugging with a screw joint fitting, the outlet from which said 
pipe or appliance was removed. Outlets to which gas appli- 
ances are not connected shall be left capped and gastight on 
a piping system that has been installed, altered, or repaired. 


Exception: Where an approved listed quick-disconnect 
device is used. 


1307.0 Temporary Use of Gas. 


1307.1 General. Where temporary use of gas is desired, and 
the Authority Having Jurisdiction deems the use necessary, a 
permit shall be permitted to be issued for such use for a period 
of time not to exceed that designated by the Authority Hav- 
ing Jurisdiction, provided that such gas piping system other- 
wise is in accordance with to the requirements of this code 
regarding material, sizing, and safety. 


1308.0 Gas Piping System Design, Materials, and 
Components. 


1308.1 Installation of Piping System. Where required 
by the Authority Having Jurisdiction, a piping sketch or plan 
shall be prepared before proceeding with the installation. The 
plan shall show the proposed location of piping, the size of 
different branches, the various load demands, and the loca- 
tion of the point of delivery. [NFPA 54:5.1.1] 


1308.1.1 Addition to Existing System. When addi- 
tional appliances are being connected to a gas piping sys- 
tem, the existing piping shall be checked to determine 
whether it has adequate capacity. If the capacity of the 
system is determined to be inadequate for the additional 
appliances, the existing system shall be enlarged as 
required, or separate gas piping of adequate capacity 
shall be provided. [NFPA 54:5.1.2] | 
1308.2 Provision for Location of Point of Delivery. 
The location of the point of delivery shall be acceptable to 
the serving gas supplier. [NFPA 54:5.2] 


1308.3 Interconnections Between Gas Piping Sys- 
tems. Where two or more meters, or two or more service 
regulators where meters are not provided, are located on the 
same premises and supply separate users, the gas piping sys- 
tems shall not be interconnected on the outlet side of the 
meters or service regulators. [NFPA 54:5.3.1] 


1308.3.1 Interconnections for Standby Fuels. 
Where a supplementary gas for standby use is connected 
downstream from a meter or a service regulator where a 
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meter is not provided, equipment to prevent backflow 
shall be installed. A three-way valve installed to admit 
the standby supply and at the same time shut off the reg- 
ular supply shall be permitted to be used for this purpose. 
[NFPA 54:5.3.2 — 5.3.2.2] 


1308.4 Sizing of Gas Piping Systems. Gas piping sys- 
tems shall be of such size and so installed as to provide a sup- 

| ply of gas sufficient to meet the maximum demand and supply 
gas to each appliance inlet at not less than the minimum sup- 
ply pressure required by the appliance. [NFPA 54:5.4.1] 


1308.4.1 Maximum Gas Demand. The volumetric 
flow rate of gas to be provided shall be the sum of the 
maximum input of the appliances served. The volumetric 
flow rate of gas to be provided shall be adjusted for alti- 
tude where the installation is above 2 000 feet (610 m). 
[NFPA 54:5.4.2.1 — 5.4.2.2] Where the input rating is not 
indicated, the gas supplier, appliance manufacturer, or a 
qualified agency shall be contacted or the rating from 
Table 1308.4.1 shall be used for estimating the volumet- 
ric flow rate of gas to be supplied. 


The total connected hourly load shall be used as the 
basis for piping sizing, assuming all appliances are oper- 
ating at full capacity simultaneously. 

Exception: Sizing shall’ be permitted to be based upon 
established load diversity factors. [NFPA 54:5.4.2.3] 


1308.4.2 Sizing Methods. Gas piping shall be sized in 
accordance with one of the following: 


(1) Pipe sizing tables or sizing equations in this chapter. 
(2) Other approved engineering methods. 


(3) Sizing tables included in a listed piping system man- 
ufacturer’s installation instructions. [NFPA 
54:5.4.3] 


1308.4.3 Allowable Pressure Drop. The design 
pressure loss in any piping system under maximum 
probable flow conditions, from the point of delivery to 
the inlet connection of the appliance, shall be such that 
the supply pressure at the appliance is greater than or 
equal to the minimum pressure required by the appli- 
ance. [NFPA 54:5.4.4] 


1308.5 Acceptable Piping Materials and Joining 
Methods. Materials used for piping systems shall either 
comply with the requirements of this chapter or be accept- 
able to the Authority Having Jurisdiction. [NFPA 54:5.6.1.1] 


1308.5.1 Used Materials. Pipe, fittings, valves, or 
other materials shall not be used again unless they are 
free of foreign materials and have been ascertained to be 
adequate for the service intended. [NFPA 54:5.6.1.2] 


1308.5.1.1 Other Materials. Material not covered 

by the standards specifications listed herein shall 

meet the following criteria: 

(1) Be investigated and tested to determine that it is 
safe and suitable for the proposed service. 

(2) Be recommended for that service by the manu- 
facturer. 


(3) Be acceptable to the Authority Having Juris- 
diction. [NFPA 54:5.6.1.3] 
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TABLE 1308.4.1 
APPROXIMATE GAS INPUT FOR TYPICAL APPLIANCES 
[NFPA 54: TABLE A.5.4.2.1] 


INPUT on 


APPLIANCE 
(Btu/h approx.) 


Space Heating Units 
Warm air furnace | 
Single family 100 000 


Multifamily, per unit | 60 000 
Hydronic boiler 

Single family | 100 000 

Multifamily, per unit | 60 000 


= ems oa Fs ey  — a = | 


Space and Water Heating Units 
Hydronic boiler | 
Single family | 120 000 
Multifamily, per unit | 75 000 
Water Heating Appliances" Bt i Et ae 
Water heater, automatic storage 


30 to 40 gallon tank | 35 000 
Water heater, automatic storage | 

50 gallon tank | 50 000 
Water heater, automatic instantaneous | 

Capacity at 2 gallons per minute | 142 800 

Capacity at 4 gallons per minute | 285 000 

Capacity at 6 gallons per minute | 428 400 
Water heater, domestic, circulating or side- -arm 35 000 
Cooking Appliances. | 
Range, freestanding, domestic | 65 000 
Built-in oven or broiler unit, domestic | 25 000 
Built-in top unit, domestic _ | 40 000 
Other Appliances | 
|Refrigerator | 3000 
Clothes dryer, Type 1 (domestic) | 35 000 
Gas fireplace direct vent 40 000 
Gas log | 80 000 
Barbecue | 40 000 
Gaslight | 2500 


For SI units: - 1000 British thovinal v units per + hour = = 0. 293 kW 


1308.5.2 Metallic Pipe. Cast-iron pipe shall not be 
used. [NFPA 54:5.6.2.1] 
1308.5.2.1 Steel, Stainless Steel, and 
Wrought-Iron. Steel, stainless steel, and wrought- 
iron pipe shall be at least Schedule 40 and shall com- 
ply with the dimensional standards of ASME 
B36.10M and one of the following: 
(1) ASTM AS5S3 
(2) ASTM A106 
(3) ASTM A312 {NFPA 54:5.6.2.2} | 
1308.5.2.2 Copper and Copper Alloy Pipe. 
Copper and copper alloy pipe shall not be used if the | 
gas contains more than an average of 0.3 grains of 
hydrogen sulfide per 100 standard cubic feet (scf) of 
gas (0.7 mg/100 L). [NFPA 54:5.6.2.3] | 
Threaded copper, copper alloy, or aluminum 


alloy pipe shall not be used with gases corrosive to 
such material. [NFPA 54:5.6.2.4] | 
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1308.5.2.3 Aluminum Alloy Pipe. Aluminum 
alloy pipe shall comply with ASTM B241 (except 
that the use of alloy 5456 is prohibited), and shall be 
marked at each end of each length indicating compli- 
ance. Aluminum alloy pipe shall be coated to protect 
against external corrosion where it is in contact with 
masonry, plaster, or insulation or is subject to 
repeated wettings by such liquids as water, detergents, 
or sewage. [NFPA 54:5.6.2.5] 


Aluminum alloy pipe shall not be used in exte- 
rior locations or underground. [NFPA 54:5.6.2.6] 


1308.5.3 Metallic Tubing. Tubing shall not be used 
with gases corrosive to the tubing material. [NFPA 
54:5.6.3.1] 


1308.5.3.1 Stainless Steel Tubing. Stainless 
steel tubing shall comply with one of the following: 


(1) ASTM A268 
(2) ASTM A269 [NFPA 54:5.6.3.3] 


1308.5.3.2 Steel Tubing. Steel tubing shall com- 
ply with ASTM A254. [NFPA 54:5.6.3.2] 


1308.5.3.3 Copper and Copper Alloy Tubing. 
Copper and copper alloy tubing shall not be used if 
the gas contains more than an average of 0.3 grains 
of hydrogen sulfide per 100 scf of gas (0.7 mg/100 
L). Copper tubing shall comply with standard Type 
K or L of ASTM B88 or ASTM B280. 


1308.5.3.4 Aluminum Alloy Tubing. Aluminum 
alloy tubing shall comply with ASTM B210 or ASTM 
B241. Aluminum alloy tubing shall be coated to pro- 
tect against external corrosion where it is in contact 
with masonry, plaster, or insulation or is subject to 
repeated wettings by such liquids as water, detergent, 
or sewage. Aluminum alloy tubing shall not be used in 
exterior locations or underground. [NFPA 54:5.6.3.5] 


1308.5.3.5 Corrugated Stainless Steel Tubing. 
Corrugated stainless steel tubing shall be listed in 
accordance with CSA LC-1. [NFPA 54:5.6.3.6] 


1308.5.4 Plastic Pipe, Tubing, and Fittings. Polyeth- 
ylene plastic pipe, tubing, and fittings used to supply fuel 
gas shall conform to ASTM D2513. Pipe to be used shall 
be marked “gas” and “ASTM D2513.” [NFPA 
54:5.6.4.1.1] Polyamide pipe, tubing, and fittings shall be 
identified in and conform to ASTM F2945. Pipe to be used 
shall be marked “gas” and “ASTM F2945.” [NFPA 
54:5.6.4.1.2] Polyvinyl chloride (PVC) and chlorinated 
polyvinyl chloride (CPVC) plastic pipe, tubing, and fittings 
shall not be used to supply fuel gas. [NFPA 54:5.6.4.1.3] 
1308.5.4.1 Regulator Vent Piping. Plastic pipe 
and fittings used to connect regulator vents to 
remote vent terminations shall be PVC conforming 
to UL 651. PVC vent piping shall not be installed 
indoors. [NFPA 54:5.6.4.2] 


1308.5.4.2 Anodeless Risers. Anodeless risers 


shall comply with Section 1308.5.4.2.1 through Sec- 
tion 1308.5.4.2.3. [NFPA 54:5.6.4.3] 


1308.5.4.2.1 Factory-Assembled Anode- 
less Risers. Factory-assembled anodeless ris- 
ers shall be recommended by the manufacturer 
for the gas used and shall be leak-tested by the 
manufacturer in accordance with written proce- 
dures. [NFPA 54:5.6.4.3(1)] 


1308.5.4.2.2 Service Head Adapters and 
Field-Assembled Anodeless Risers. Serv- 
ice head adapters and field assembled anodeless 
risers incorporating service head adapters shall 
be recommended by the manufacturer for the 


gas used and shall be design-certified to meet | 


the requirements of Category I of ASTM D2513 


and 49 CFR 192.281(e). The manufacturer shall | 


provide the user qualified installation instruc- 


tions as prescribed by 49 CFR 192.283(b). | 


[NFPA 54:5.6.4.3(2)] 


1308.5.4.2.3 Undiluted Liquefied Petro- 
leum Gas Piping. The use of plastic pipe, 
tubing, and fittings in undiluted LP-Gas piping 
systems shall be in accordance with NFPA 58. 
[NFPA 54:5.6.4.3(3)] 


1308.5.5 Workmanship and Defects. Gas pipe, tub- 
ing, and fittings shall be clear and free from cutting burrs 
and defects in structure or threading, and shall be thor- 
oughly brushed and chip and scale blown. Defects in pipe, 
tubing, and fittings shall not be repaired. Defective pipe, 
tubing, and fittings shall be replaced. [NFPA 54:5.6.5] 


1308.5.6 Metallic Pipe Threads. Metallic pipe and 
fitting threads shall be taper pipe threads and shall com- 
ply with ASME B1.20.1. [NFPA 54:5.6.6.1] 


1308.5.6.1 Damaged Threads. Pipe with threads 
that are stripped, chipped, corroded, or otherwise 
damaged shall not be used. Where a weld opens dur- 
ing the operation of cutting or threading, that por- 
tion of the pipe shall not be used. [NFPA 54:5.6.6.2] 
1308.5.6.2 Number of Threads. Field threading 


of metallic pipe shall be in accordance with Table 
1308.5.6.2. [NFPA 54:5.6.6.3] 


TABLE 1308.5.6.2 
SPECIFICATIONS FOR THREADING METALLIC PIPE 
[NFPA 54: TABLE 5.6.6.3] 


on ip size /APPRORMATE LENGTH OF] | APPRORMATE 
Renee) (inches) TO BE CUT 

y , | 10 
¥, , 10 
| 1%, 10 
1% 1 ll 
1A 1 iT 
2 | ll 
2% 1% 12 

ia 4: tin! 1 | 12 | 
4 15% | 13 


For SI units: 1 inch = 25.4 mm 
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1308.5.6.3 Thread Joint Compounds. Thread 
joint compounds shall be resistant to the action of 
LP-Gas or to any other chemical constituents of the 
gases to be conducted through the piping. [NFPA 
54:5.6.6.4] 


1308.5.7 Metallic Piping Joints and Fittings. The 
type of piping joint used shall be suitable for the pressure 
and temperature conditions and shall be selected giving 
consideration to joint tightness and mechanical strength 
under the service conditions. The joint shall be able to sus- 
tain the maximum end force due to the internal pressure 
and any additional forces due to temperature expansion or 
contraction, vibration, fatigue, or the weight of the pipe 
and its contents. [NFPA 54:5.6.7] 


1308.5.7.1 Pipe Joints. Schedule 40 and heavier 
pipe joints shall be threaded, flanged, brazed, 
welded, or assembled with press-connect fittings 
listed to CSA LC 4. 


(1) Where nonferrous pipe is brazed, the brazing 
materials shall have a melting point in excess 
of 1000°F (538°C). 

(2) Brazing alloys shall not contain more than 0.05 
percent phosphorus. {NFPA 54:5.6.7.1} 


1308.5.72 Copper Tubing Joints. Copper tubing 
joints shall be assembled with approved gas tubing 
fittings, shall be brazed with a material having a melt- 
ing point in excess of 1000°F (538°C), or shall be 
assembled with press-connect fittings listed to CSA 
LC 4, Press-Connect Metallic Fittings for Use in Fuel 
Gas Distribution Systems. Brazing alloys shall not 
contain more than 0.05 percent phosphorus. [NFPA 
54:5.6.7.2] 


1308.5.7.3 Stainless Steel Tubing Joints. Stain- 
less steel joints shall be welded, assembled with 
approved tubing fittings, brazed with a material hav- 
ing a melting point in excess of 1000°F (538°C), or 
assembled with press-connect fittings listed to CSA 
LC 4, Press-Connect Metallic Fittings for Use in Fuel 
Gas Distribution Systems. Brazing alloys and fluxes 
shall be recommended by the manufacturer for use 
on stainless steel alloys. [NFPA 54:5.6.7.3] 
1308.5.7.4 Flared Joints. Flared joints shall be 
used only in systems constructed from nonferrous 
pipe and tubing where experience or tests have 
demonstrated that the joint is suitable for the condi- 
tions and where provisions are made in the design to 
prevent separation of the joints. [NFPA 54:5.6.7.4] 
1308.5.7.5 Metallic Pipe Fittings. Metallic fit- 
tings shall comply with the following: 
(1) Threaded fittings in sizes exceeding 4 inches 
(100 mm) shall not be used. 
(2) Fittings used with steel, stainless steel, or 
wrought-iron pipe shall be steel, stainless steel, 
copper alloy, malleable iron, or cast-iron. 


(3) Fittings used with copper or copper alloy pipe 
shall be copper or copper alloy. 


2022 CALIFORNIA MECHANICAL CODE 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


FUEL GAS PIPING 


Fittings used with aluminum alloy pipe shall be 
aluminum alloy. | 


Cast-iron fittings shall comply with the follow- 
ing: 

(a) Flanges shall be permitted. 

(b) Bushings shall not be used. 


(c) Fittings shall not be used in systems con- 
taining flammable gas-air mixtures. 


(d) Fittings in sizes 4 inches (100 mm) and 
larger shall not be used indoors unless 
approved by the Authority Having Juris- 
diction. 


(e) Fittings in sizes 6 inches (150 mm) and 
larger shall not be used unless approved by 
the Authority Having Jurisdiction. 


Aluminum alloy fitting threads shall not form 
the joint seal. 


Zinc-aluminum alloy fittings shall not be used 

in systems containing flammable gas-air mix- 

tures. 

Special fittings such as couplings, proprietary- 

type joints, saddle tees, gland-type compression 

fittings, and flared, flareless, or compression- 

type tubing fittings shall be as follows: 

(a) Used within the fitting manufacturer’s 
pressure-temperature recommendations. 

(b) Used within the service conditions antici- 
pated with respect to vibration, fatigue, 


thermal expansion, or contraction. 
= 


(c) Acceptable to the Authority Having Juris- | 
diction. 

When pipe fittings are drilled and tapped in the 

field, the operation shall be in accordance with 

the following: 

(a) The operation shall be performed on sys- 
tems having operating pressures of 5 psi 
(34 kPa) or less. 

(b) The operation shall be performed by the 
gas supplier or their designated representa- 
tive. 

(c) The drilling and tapping operation shall be 
performed in accordance with written pro- 
cedures prepared by the gas supplier. 

(d) The fittings shall be located outdoors. 

(e) The tapped fitting assembly shall be 
inspected and proven to be free of leaks. 
[NFPA 54:5.6.7.5] 


1308.5.8 Plastic Piping, Joints, and Fittings. Plas- << 
tic pipe, tubing, and fittings shall be joined in accordance 
with the manufacturer’s instructions. Section 1308.5.8.1 
through Section 1308.5.8.4 shall be observed when mak- 

ing such joints. [NFPA 54:5.6.8] 
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1308.5.8.1 Joint Design. The joint shall be 
designed and installed so that the longitudinal pull- 
out resistance of the joint will be at least equal to the 
tensile strength of the plastic piping material. [NFPA 
54:5.6.8(1)] 


1308.5.8.2 Heat Fusion Joint. Heat fusion joints 
shall be made in accordance with qualified proce- 
dures that have been established and proven by test 
to produce gastight joints at least as strong as the 
pipe or tubing being joined. Joints shall be made 
with the joining method recommended by the pipe 
manufacturer. Heat fusion fittings shall be marked 
“ASTM D2513.” [NFPA 54:5.6.8(2)] 


1308.5.8.3 Compression-Type Mechanical 
Joints. Where compression-type mechanical joints 
are used, the gasket material in the fitting shall be 
compatible with the plastic piping and with the gas 
distributed by the system. An internal tubular rigid 
stiffener shall be used in conjunction with the fit- 
ting. The stiffener shall be flush with the end of the 
pipe or tubing and shall extend at least to the out- 
side end of the compression fitting when installed. 
The stiffener shall be free of rough or sharp edges 
and shall not be a force fit in the plastic. Split tubu- 
lar stiffeners shall not be used. [NFPA 54:5.6.8(3)] 


1308.5.8.4 Liquefied Petroleum Gas Piping 
Systems. Plastic piping joints and fittings for use 
in LP-Gas piping systems shall be in accordance 
with NFPA 58. [NFPA 54:5.6.8(4)] 
1308.5.9 Flange Specifications. Cast iron flanges 
shall be in accordance with ASME B16.1. [NFPA 
54:5.6.9.1.1] 


1308.5.9.1 Steel Flanges. Steel flanges shall be 
in accordance with the following: 


(1) ASME B16.5 or 
(2) ASME B16.47. [NFPA 54:5.6.10.1.2] 


1308.5.9.2 Non-Ferrous Flanges. Non-ferrous 
flanges shall be in accordance with ASME B16.24. 
[NFPA 54:5.6.9.1.3] 


1308.5.9.3 Ductile Iron Flanges. Ductile iron 
flanges shall be in accordance with ASME B16.42. 
[NFPA 54:5.6.9.1.4] 


1308.5.9.4 Dissimilar Flange Connections. 
Raised-face flanges shall not be joined to flat-faced 
cast iron, ductile iron or nonferrous material flanges. 
[NFPA 54:5.6.9.2] 


1308.5.9.5 Flange Facings. Standard facings shall 
be permitted for use under this code. Where 150 psi 
(1034 kPa) steel flanges are bolted to Class 125 cast- 
iron flanges, the raised face on the steel flange shall be 
removed. [NFPA 54:5.6.9.3] 


1308.5.9.6 Lapped Flanges. Lapped flanges 
shall be used only aboveground or in exposed loca- 
tions accessible for inspection. [NFPA 54:5.6.9.4] 


1308.5.10 Flange Gaskets. The material for gaskets << § 


shall be capable of withstanding the design temperature 
and pressure of the piping system and the chemical con- 
stituents of the gas being conducted without change to 
its chemical and physical properties. The effects of fire 
exposure to the joint shall be considered in choosing the 
material. [NFPA 54:5.6.10] 


1308.5.10.1 Flange Gasket Materials. Accept- << 


able materials shall include the following: 
(a) Metal (plain or corrugated) 

(b) Composition 

(c) Aluminum “O” rings 

(d) Spiral-wound metal gaskets 

(e) Rubber-faced phenolic 

(f) Elastomeric [NFPA 54:5.6.10.1] 


1308.5.10.2 Metallic Flange Gaskets. Metallic << 


flange gaskets shall be in accordance with ASME 
B16.20. [NFPA 54:5.6.10.2.1] 


1308.5.10.3 Non-Metallic Flange Gaskets. << 


Non-metallic flange gaskets shall be in accordance 
with ASME B16.21. [NFPA 54:5.6.10.2.2] 


1308.5.10.4 Full-Face Flange Gasket. Full-face << 


flange gaskets shall be used with all non-steel 
flanges. [NFPA 54:5.6.10.3] 


1308.5.10.5 Separated Flanges. When a << 
flanged joint is separated, the gasket shall be | 


replaced. [NFPA 54:5.6.10.4] 


1308.6 Gas Meters. Gas meters shall be selected for the 
maximum expected pressure and permissible pressure drop. 
[NFPA 54:5.7.1] 


1308.6.1 Location. Gas meters shall be located in ven- 
tilated spaces readily accessible for examination, read- 
ing, replacement, or necessary maintenance. [NFPA 
54:5.7.2.1] 


1308.6.1.1 Subject to Damage. Gas meters shall 
not be placed where they will be subjected to dam- 
age, such as adjacent to a driveway, under a fire 
escape, in public passages, halls, or where they will 
be subject to excessive corrosion or vibration. 
[NFPA 54:5.7.2.2] 


1308.6.1.2 Extreme Temperatures. Gas meters 
shall not be located where they will be subjected to 
extreme temperatures or sudden extreme changes in 
temperature or in areas where they are subjected to 
temperatures beyond those recommended by the 
manufacturer. [NFPA 54:5.7.2.3] 


1308.6.2 Supports. Gas meters shall be supported or 
connected to rigid piping so as not to exert a strain on the 
meters. Where flexible connectors are used to connect a 
gas meter to downstream piping at mobile homes in 
mobile home parks, the meter shall be supported by a 
post or bracket placed in a firm footing or by other means 
providing equivalent support. [NFPA 54:5.7.3] 


1308.6.3 Meter Protection. Meters shall be protected 
against overpressure, backpressure, and vacuum. [NFPA 
54:5.7.4] 
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1308.6.4 Identification. Gas piping at multiple meter 
installations shall be marked by a metal tag or other per- 
manent means designating the building or the part of the 
building being supplied and attached by the installing 
agency. [NFPA 54:5.7.5] 


1308.7 Gas Pressure Regulators. A line pressure regu- 
lator shall be installed where the gas supply pressure exceeds 
the maximum allowable inlet pressure of the appliance 
served. [NFPA 54:5.8.1] 


1308.7.1 Listing. Line pressure regulators shall be 
listed in accordance with CSA Z21.80 where the outlet 
pressure is set to 2 psi (14 kPa) or less. [NFPA 54:5.8.2] 


1308.72 Location. The gas pressure regulator shall be 
accessible for servicing. [NFPA 54:5.8.3] 


1308.73 Regulator Protection. Pressure regulators 
shall be protected against physical damage. [NFPA 
54:5.8.4] 


1308.7.4 Venting of Line Pressure Regulators. 
Line pressure regulators shall comply with all of the fol- 
lowing: 

(1) An independent vent to the exterior of the building, 
sized in accordance with the regulator manufac- 
turer’s instructions, shall be provided where the loca- 
tion of a regulator is such that a ruptured diaphragm 
will cause a hazard. 


(a) Where more than one regulator is at a location, 
each regulator shall have a separate vent to the 
outdoors or, if approved by the Authority Hav- 
ing Jurisdiction, the vent lines shall be permitted 
to be manifolded in accordance with accepted 
engineering practices to minimize backpressure 
in the event of diaphragm failure. 


(b) Materials for vent piping shall be in accordance 
with Section 1308.5 through Section 1308.5.10.5. 


Exception: A regulator and vent limiting means 
combination listed as complying with CSA Z21.80 
shall be permitted to be used without a vent to the 
outdoors. 


(2) The vent shall be designed to prevent the entry of 
water, insects, or other foreign materials that could 
cause blockage. 


(3) The regulator vent shall terminate at least 3 feet (914 
mm) from a source of ignition. 


(4) At locations where regulators might be submerged 
during floods, a special antiflood-type breather vent 
fitting shall be installed, or the vent line shall be 
extended above the height of the expected flood 
waters. 


(5) A regulator shall not be vented to the appliance flue 
or exhaust system. [NFPA 54:5.8.5.1] 


1308.75 Venting of Gas Appliance Pressure Reg- 
ulators. For venting of gas appliance pressure regula- 
tors, see Section 902.15. [NFPA 54:5.8.5.2] 
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1308.7.6 Bypass Piping. Valved and regulated 
bypasses shall be permitted to be placed around gas line 
pressure regulators where continuity of service is imper- 
ative. [NFPA 54:5.8.6] 


1308.7.7 Identification. Line pressure regulators at 
multiple regulator installations shall be marked by a 
metal tag or other permanent means designating the 
building or the part of the building being supplied. 
[NFPA 54:5.8.7] 


1308.8 Overpressure Protection. Where the serving gas 
supplier delivers gas at a pressure greater than 2 psi for pip- 
ing systems serving appliances designed to operate at a gas 
pressure of 14 inches water column or less, overpressure pro- 
tection devices shall be installed. Piping systems serving 
equipment designed to operate at inlet pressures greater than 
14 inches water column (3.5 kPa) shall be equipped with 
overpressure protection devices as required by the appliance 
manufacturer’s installation instructions. [NFPA 54:5.9.1] 


1308.9 Pressure Limitation Requirements. Where pip- 
ing systems serving appliances designed to operate with a gas 
supply pressure of 14 inches water column or less are required 
to be equipped with overpressure protection by Section 
1308.8, each overpressure protection device shall be adjusted 
to limit the gas pressure to each connected appliance to 2 psi 
or less upon a failure of the line pressure regulator. [NFPA 
54:5.9.2.1] 


1308.9.1 Overpressure Protection Required. Where 
piping systems serving appliances designed to operate with 
a gas supply pressure greater than 14 inches water column 
are required to be equipped with overpressure protection 
by Section 1308.8, each overpressure protection device 
shall be adjusted to limit the gas pressure to each connected 
appliance as required by the appliance manufacturer’s 
installation instructions. [NFPA 54:5.9.2.2] 


1308.9.2 Overpressure Protection Devices. Each 
overpressure protection device installed to meet the 
requirements of this section shall be capable of limiting 
the pressure to its connected appliance(s) as required by 
this section independently of any other pressure control 
equipment in the piping system. [NFPA 54:5.9.2.3] 


1308.9.3 Detection of Failure. Each gas piping sys- 
tem for which an overpressure protection device is 
required by this section shall be designed and installed so 
that a failure of the primary pressure control device(s) is 
detectable. [NFPA 54:5.9.2.4] 


1308.9.4 Flow Capacity. If a pressure relief valve is 
used to meet the requirements of this section, it shall 
have a flow capacity such that the pressure in the pro- 
tected system is maintained at or below the limits speci- 
fied in Section 1308.9 under the following conditions: 


(1) The line pressure regulator for which the relief valve 
is providing overpressure protection has failed wide 
open. 

(2) The gas pressure at the inlet of the line pressure reg- 
ulator for which the relief valve is providing over- 
pressure protection is not less than the regulator’s 
normal operating inlet pressure. [NFPA 54:5.9.2.5] 
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1308.10 Overpressure Protection Devices. Overpres- 
sure protection devices shall be one of the following: 


(1) Pressure relief valve. 
(2) Monitor regulator. 


(3) Series regulator installed upstream from the line regula- 
tor and set to continuously limit the pressure on the inlet 
of the line regulator to the maximum values specified by 
Section 1308.9 or less. 


(4) Automatic shutoff device installed in series with the line 
pressure regulator and set to shut off when the pressure 
on the downstream piping system reaches the maximum 
values specified by Section 1308.9 or less. This device 
shall be designed so that it will remain closed until man- 
ually reset. [NFPA 54:5.9.3.1] 


1308.10.1 Separate Devices. The devices in Section 
1308.10 shall be installed either as an integral part of the 
service or line pressure regulator or as separate units. 
Where separate overpressure protection devices are 
installed, they shall comply with Section 1308.10.2 
through Section 1308.10.7. [NFPA 54:5.9.3.2] 


1308.10.2 Construction and Installation. All over- 
pressure protection devices shall meet the following 
requirements: 


(1) Be constructed of materials so that the operation of the 
device is not impaired by corrosion of external parts by 
the atmosphere or of internal parts by the gas. 


(2) Be designed and installed so they can be operated to 
determine whether the valve is free. The devices 
shall also be designed and installed so they can be 
tested to determine the pressure at which they oper- 
ate and be examined for leakage when in the closed 
position. [NFPA 54:5.9.4] 


1308.10.3 External Control Piping. External control 
piping shall be designed and installed so that damage to 
the control piping of one device does not render both the 
regulator and the overpressure protective device inoper- 
ative. [NFPA 54:5.9.5] 


1308.10.4 Setting. Each pressure limiting or pressure 
relieving device shall be set so that the gas pressure sup- 
plied to the connected appliance(s) does not exceed the 
limits specified in Section 1308.9 and Section 1308.9.1. 
[NFPA 54:5.9.6] 


1308.10.5 Unauthorized Operation. Where unau- 
thorized operation of any shutoff valve could render a 
pressure relieving valve or pressure limiting device inop- 
erative, one of the following shall be accomplished: 


(1) The valve shall be locked in the open position. 
Instruct authorized personnel in the importance of 
leaving the shutoff valve open and of being present 
while the shutoff valve is closed so that it can be 
locked in the open position before leaving the prem- 
ises. 


(2) Duplicate relief valves shall be installed, each having 
adequate capacity to protect the system, and arrange 
the isolating valves or three-way valve so that only 
one relief valve can be rendered inoperative at a time. 
[NFPA 54:5.9.7] 
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1308.10.6 Discharge of Vents. The discharge stacks, |<< 
vents, or outlet parts of all pressure relieving and pressure 
limiting devices shall be located so that gas is safely dis- 
charged to the outdoors. Discharge stacks or vents shall | 
be designed to prevent the entry of water, insects, or other 
foreign material that could cause blockage. The discharge 
stack or vent line shall be at least the same size as the out- 

let of the pressure relieving device. [NFPA 54:5.9.8.1, 
5.9.8.2] 


1308.10.7 Size of Fittings, Pipe, and Openings. 
The fittings, pipe, and openings located between the sys- 
tem to be protected and the pressure relieving device 
shall be sized to prevent hammering of the valve and to 
prevent impairment of relief capacity. [NFPA 54:5.9.9] 


1308.11 Backpressure Protection. Protective devices «¢ 
shall be installed as close to the equipment as practical where 

the design of equipment connected is such that air, oxygen, or 
standby gases could be forced into the gas supply system. Gas 
and air combustion mixers incorporating double diaphragm 
“zero” or “atmosphere” governors or regulators shall require 

no further protection unless connected directly to compressed 

air or oxygen at pressures of 5 psi (34 kPa) or more. [NFPA 
54:5. 100 7 Sel Gale. | 


1308.11.1 Protective Devices. Protective devices << 
shall include but not be limited to the following: | | 


(1) Check valves. 


(2) Three-way valves (of the type that completely closes 
one side before starting to open the other side). 


(3) Reverse flow indicators controlling positive shutoff 
valves. 


(4) Normally closed air-actuated positive shutoff pres- 
sure regulators. [NFPA 54:5.10.2] 


1308.12 Low-Pressure Protection. A protective device «« 
shall be installed between the meter and the appliance or 
equipment if the operation of the appliance or equipment is 
such that it could produce a vacuum or a dangerous reduction 

in gas pressure at the meter. Such protective devices include, 
but are not limited to, mechanical, diaphragm-operated, or 
electrically operated low-pressure shutoff valves. [NFPA 
54:5.11] 


1308.13 Shutoff Valves. Shutoff valves shall be approved << 
and shall be selected giving consideration to pressure drop, 
service involved, emergency use, and reliability of operation. 
Shutoff valves of size 1 inch (25 mm) National Pipe Thread 
and smaller shall be listed. [NFPA 54:5.12] 


1308.14 Expansion and Flexibility. Piping systems shall << 
be designed to prevent failure from thermal expansion or con- 
traction. [NFPA 54:5.14.1] 


1308.14.1 Special Local Conditions. Where local << 
conditions include earthquake, tornado, unstable ground, 

or flood hazards, special consideration shall be given to 
increased strength and flexibility of piping supports and 
connections. [NFPA 54:5.14.2] 


2022 CALIFORNIA MECHANICAL CODE 


1309.0 Excess Flow Valve. 
1309.1 General. Where automatic excess flow valves are 
installed, they shall be listed to CSA Z21.93 and shall be sized 


and installed in accordance with the manufacturer’s instruc- 
tions. [NFPA 54:5.13] 


1310.0 Gas Piping Installation. 


1310.1 Piping Underground. Underground gas piping shall 

| be installed with sufficient clearance from any other under- 
ground structure to avoid contact therewith, to allow mainte- 
nance, and to protect against damage from proximity to other 
structures. In addition, underground plastic piping shall be 

| installed with sufficient clearance or shall be insulated from 
any source of heat so as to prevent the heat from impairing the 
serviceability of the pipe. [NFPA 54:7.1.1] 


1310.1.1 Cover Requirements. Underground piping 
systems shall be installed with a minimum of 12 inches 
(305 mm) of cover. The minimum cover shall be increased 
to 18 inches (457 mm) if external damage to the pipe or 
tubing from external forces is likely to result. Where a 
minimum of 12 inches (305 mm) of cover cannot be pro- 
vided, the pipe shall be installed in conduit or bridged 
| (shielded). [NFPA 54:7.1.2.1 —7.1.2.1(B)] 


1310.1.2 Trenches. The trench shall be graded so that 
the pipe has a firm, substantially continuous bearing on 
the bottom of the trench. [NFPA 54:7.1.2.2] 


1310.1.2.1 Backfilling. Where flooding of the trench 
is done to consolidate the backfill, care shall be exer- 
cised to see that the pipe is not floated from its firm 
bearing on the trench bottom. [NFPA 54:7.1.2.3] 


1310.1.3 Protection Against Corrosion. Steel pipe 
and steel tubing installed underground shall be installed in 
accordance with Section 1310.1.3.1 through Section 
1310.1.3.9. [NFPA 54:7.1.3] 


1310.1.3.1 Zinc Coating. Zinc coating (galvaniz- 
ing) shall not be deemed adequate protection for 
underground gas piping. [NFPA 54:7.1.3.1] 


1310.1.3.2 Underground Piping. Underground 
piping shall comply with one or more of the follow- 
ing unless approved technical justification is pro- 
vided to demonstrate that protection is unnecessary: 


(1) The piping shall be made of corrosion-resistant 
material that is suitable for the environment in 
which it will be installed. 


(2) Pipe shall have a factory-applied, electrically 
insulating coating. Fittings and joints between 
sections of coated pipe shall be coated in accor- 
dance with the coating manufacturer’s instruc- 
tions. 

(3) The piping shall have a cathodic protection sys- 
tem installed, and the system shall be main- 
tained in accordance with Section 1310.1.3.3 or 
Section 1310.1.3.6. [NFPA 54:7.1.3.2] 
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1310.1.3.3 Cathodic Protection. Cathodic pro- 
tection systems shall be monitored by testing and the 
results shall be documented. The test results shall 
demonstrate one of the following: 


(1) A pipe-to-soil voltage of —0.85 volts or more 
negative is produced, with reference to a satu- 
rated copper-copper sulfate half cell. 


(2) A pipe-to-soil voltage of —0.78 volts or more 
negative is produced, with reference to a satu- 
rated KCI calomel half cell. 


(3) A pipe-to-soil voltage of —0.80 volts or more 
negative is produced, with reference to a silver- 
silver chloride half cell. 


(4) Compliance with a method described in Appen- 
dix D of Title 49 of the Code of Federal Regu- 
lations, Part 192. [NFPA 54:7.1.3.3] 


1310.1.3.4 Sacrificial Anodes. Sacrificial anodes 
shall be tested in accordance with the following: 


(1) Upon installation of the cathodic protection sys- 
tem, except where prohibited by climatic con- 
ditions, in which case the testing shall be 
performed not later than 180 days after the 
installation of the system. 


(2) 12 to 18 months after the initial test. 


(3) Upon successful verification testing in accor- 
dance with Section 1310.1.3.4(1) and Section 
1310.1.3.4(2), periodic follow-up testing shall 
be performed at intervals not to exceed 36 
months. [NFPA 54:7.1.3.4] 


1310.1.3.5 System Failing Tests. Systems failing 
a test shall be repaired not more than 180 days after 
the date of the failed testing. The testing schedule 
shall be restarted as required in Section 1310.1.3.4(1) 
and Section 1310.1.3.4(2), and the results shall com- 
ply with Section 1310.1.3.3. [NFPA 54:7.1.3.5] 


1310.1.3.6 Impressed Current Cathodic Pro- 
tection. Impressed current cathodic protection sys- 
tems shall be inspected and tested in accordance 
with the following schedule: 


(1) The impressed current rectifier voltage output 
shall be checked at intervals not exceeding two 
months. 

(2) The pipe-to-soil voltage shall be tested at least 
annually. [NFPA 54:7.1.3.6] 

1310.1.3.7 Documentation. Documentation of 

the results of the two most recent tests shall be 

retained. [NFPA 54:7.1.3.7] 

1310.1.3.8 Dissimilar Metals. Where dissimilar 

metals are joined underground, an insulating cou- 

pling or fitting shall be used. [NFPA 54:7.1.3.8] 

1310.1.3.9 Steel Risers. Steel risers, other than 
anodeless risers, connected to plastic piping shall be 
cathodically protected by means of a welded anode. 

[NFPA 54:7.1.3.9] 
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1310.1.4 Protection Against Freezing. Where the 
formation of hydrates or ice is known to occur, piping 
shall be protected against freezing. [NFPA 54:7.1.4] 


1310.1.5 Piping Through Foundation Wall. Under- 
ground piping, where installed through the outer founda- 
tion or basement wall of a building, shall be encased in a 
protective sleeve or protected by an approved device or 
method. The space between the gas piping and the sleeve 
and between the sleeve and the wall shall be sealed to pre- 
vent entry of gas and water. [NFPA 54:7.1.5] 


1310.1.6 Piping Underground Beneath Buildings. 
Where gas piping is installed underground beneath build- 
ings, the piping shall be either of the following: 


(1) Encased in an approved conduit designed to with- 
stand the imposed loads and installed in accordance 
with Section 1310.1.6.1 or Section 1310.1.6.2. 


A piping/encasement system listed for installation 
beneath buildings. [NFPA 54:7.1.6] 


1310.1.6.1 Conduit with One End Terminat- 
ing Outdoors. The conduit shall extend into an 
accessible portion of the building and, at the point 
where the conduit terminates in the building, the 
space between the conduit and the gas piping shall 
be sealed to prevent the possible entrance of any gas 
leakage. Where the end sealing is of a type that 
retains the full pressure of the pipe, the conduit shall 
be designed for the same pressure as the pipe. The 
conduit shall extend at least 4 inches (102 mm) out- 
side the building, be vented outdoors above finished 
ground level, and be installed so as to prevent the 
entrance of water and insects. [NFPA 54:7.1.6.1] 


1310.1.6.2 Conduit with Both Ends Terminat- 
ing Indoors. Where the conduit originates and ter- 
minates within the same building, the conduit shall 
originate and terminate in an accessible portion of 
the building and shall not be sealed. [NFPA 
54:7.1.6.2] 


1310.1.7 Plastic Piping. Plastic piping shall be 
installed outdoors, underground only. 


(2) 


Exceptions: 


(1) Plastic piping shall be permitted to terminate above- 
ground where an anodeless riser is used. 

(2) Plastic piping shall be permitted to terminate with a 

wall head adapter aboveground in buildings, includ- 

ing basements, where the plastic piping is inserted in 

a piping material permitted for use in buildings. 

[NFPA 54:7.1.7.1] 


1310.1.71 Connections Between Metallic and 
Plastic Piping. Connections made between metal- 
lic and plastic piping shall be made with fittings con- 
forming to one of the following: 

(1) ASTM D2513 Category I transition fittings 
(2) ASTM F1973 

(3) ASTM F2509 [NFPA 54:7.1.7.2] 


1310.1.7.2 Tracer Wire. An electrically continuous 
corrosion-resistant tracer shall be buried with the 
plastic pipe to facilitate locating. The tracer shall be 
one of the following: 


(1) A product specifically designed for that pur- 
pose. 
(2) Insulated copper conductor not less than 14 


Where tracer wire is used, access shall be pro- 
vided from aboveground or one end of the tracer 
wire or tape shall be brought aboveground at a build- 
ing wall or riser. [NFPA 54:7.1.7.3 — 7.1.7.3.2] 


1310.2 CSST Piping Systems. CSST piping systems shall 
be installed in accordance with this code and the manufac- 
turer's installation instructions. [NFPA 54:7.1.8] 


1310.3 Installation of Aboveground Piping. Piping |<< 


installed aboveground shall be securely supported and located 
where it will be protected from physical damage: Where pass- 
ing through an exterior wall, the piping shall also be protected 
from corrosion by coating or wrapping with an inert material 
approved for such applications. The piping shall be sealed 
around its circumference at the point of the exterior penetration 
to prevent the entry of water, insects, and rodents. Where pip- 
ing is encased in a protective pipe sleeve, the annular spaces 
between the gas piping and the sleeve and between the sleeve 
and the wall opening shall be sealed. [NFPA 54:7.2.1] 


1310.3.1 Protective Coating. Where piping is in con- 
tact with a material or an atmosphere corrosive to the pip- 
ing system, the piping and fittings shall be coated with a 
corrosion-resistant material. Any such coating used on 
piping or components shall not be considered as adding 
strength to the system. [NFPA 54:7.2.2] 


«® 


1310.3.2 Building Structure. The installation of gas << 


piping shall not cause structural stresses within building 
components to exceed allowable design limits. Approval 
shall be obtained before any beams or joists are cut or 
notched. [NFPA 54:7.2.3.1 — 7.2.3.2] 


1310.3.3 Gas Piping to be Sloped. Piping for other << 


than dry gas conditions shall be sloped not less than 4 
inch in 15 feet (1.4 mm/m) to prevent traps. [NFPA 
54:7.2.4] 


1310.3.3.1 Ceiling Locations. Gas piping shall << 


be permitted to be installed in accessible spaces 
between a fixed ceiling and a dropped ceiling, 
whether or not such spaces are used as a plenum. 
Valves shall not be located in such spaces. 
Exception: Appliance or equipment shutoff valves 
required by this code shall be permitted to be installed 
in accessible spaces containing vented appliances. 


1310.3.4 Prohibited Locations. Gas piping inside any << 


building shall not be installed in or through a clothes chute, 
chimney or gas vent, dumbwaiter, elevator shaft, or air 
duct, other than combustion air ducts. [NFPA 54:7.2.5] 
Exception: Ducts used to provide ventilation air in accor- 
dance with Section 701.0 or to above-ceiling spaces in 
accordance with Section 1310.3.3.1. 
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1310.3.5 Hangers, Supports, and Anchors. Piping 
shall be supported with metal pipe hooks, metal pipe 
straps, metal bands, metal brackets, metal hangers, or 
building structural components, suitable for the size of 
piping, of adequate strength and quality, and located at 
intervals so as to prevent or damp out excessive vibra- 
tion. Piping shall be anchored to prevent undue strains 
on connected appliances and equipment and shall not be 
supported by other piping. Pipe hangers and supports 
shall conform to the requirements of MSS SP-58. [NFPA 
54:7.2.6.1] 


1310.3.5.1 Spacing. Spacing of supports in gas 
piping installations shall not be greater than shown 
in Table 1310.3.5.1. Spacing of supports of CSST 
shall be in accordance with the CSST manufac- 
turer’s instructions. [NFPA 54:7.2.6.2] 


TABLE 1310.3.5.1 
SUPPORT OF PIPING 
[NFPA 54: TABLE 7.2.6.2] 
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(4) CSST fittings listed to CSA LC 1. 


(5) Where necessary to insert fittings in gas pipe that 
has been installed in a concealed location, the pipe 
shall be reconnected by welding, flanges, or the use 
of a right/left nipple/coupling. 


1310.4.2 Piping in Partitions. Concealed gas piping << 


shall not be located in solid partitions. [NFPA 54:7.3.3] 


1310.4.3 Tubing in Partitions. This provision shall << 


not apply to tubing that pierces walls, floors, or parti- 
tions. Tubing installed vertically and horizontally inside 
hollow walls or partitions without protection along its 
entire concealed length shall meet the following require- 
ments: 


(1) A steel striker barrier not less than 0.0508 of an inch 
(1.3 mm) thick, or equivalent, is installed between 
the tubing and the finished wall and extends at least 
4 inches (102 mm) beyond concealed penetrations 
of plates, firestops, wall studs, and so on. 


(2) The tubing is installed in single runs and is not 


NOMINAL SIZE | 


SPACING OF | 


rigidly secured. [NFPA 54:7.3.4] 


1310.4.4 Piping in Floors. In industrial occupancies, 
gas piping in solid floors such as concrete shall be laid in 
channels in the floor and covered to permit access to the 
piping with a minimum of damage to the building. Where 
piping in floor channels could be exposed to excessive 
moisture or corrosive substances, the piping shall be pro- 
tected in an approved manner. [NFPA 54:7.3.5.1] 


NOMINAL SIZE SUPPORTS OFTUBING = “Supports 
OF PIPE(inches) (feet) ec DEST (feet) 
Vs 6a bot Vs viol 4 
¥s or | | 8 % or V4 rs 
1% or larger 10 % or | g 
(horizontal), = OF # (horizontal) es 
1% or larger Every floor 1 or larger Every floor | 
(vertical) level | ___ (vertical) ic anevel 


For SI units: 1 inch = 25 mm, | fer = 304.8 mm 


1310.3.5.2 Expansion and Contraction. Sup- 
ports, hangers, and anchors shall be installed so as not 
to interfere with the free expansion and contraction 
of the piping between anchors. All parts of the sup- 
porting system shall be designed and installed so they 
are not disengaged by movement of the supported 
piping. [NFPA 54:7.2.6.3] 

1310.3.5.3 Piping on Roof Tops. Gas piping 
installed on the roof surfaces shall be elevated above 
the roof surface and shall be supported in accor- 
dance with Table 1310.3.5.1. [NFPA 54:7.2.6.4] 


1310.3.6 Removal of Piping. Where piping containing 
gas is to be removed, the line shall be first disconnected 
from sources of gas and then thoroughly purged with air, 
water, or inert gas before cutting or welding is done. 


>)» 1310.4 Concealed Piping in Buildings. Gas piping in 


» 


concealed locations shall be installed in accordance with this 
section. [NFPA 54:7.3.1] 


1310.4.1 Connections. Where gas piping is to be con- 
cealed, connections shall be of the following type: 


(1) Pipe fittings, such as elbows, tees, couplings, and 
right/left nipple/couplings. 


(2) Joining tubing by brazing (see Section 1308.5.7.1). 
(3) Press-connect fittings listed to CSA LC 4. 
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Exception: In other than industrial occupancies and 
where approved by the Authority Having Jurisdiction, gas 
piping embedded in concrete floor slabs constructed with 
Portland cement shall be surrounded with a minimum of 
14 inches (38 mm) of concrete and shall not be in phys- 
ical contact with other metallic structures such as rein- 
forcing rods or electrically neutral conductors. All piping, 
fittings, and risers shall be protected against corrosion in 
accordance with Section 1308.5.6. Piping shall not be 
embedded in concrete slabs containing quick-set additives 
or cinder aggregate. [NFPA 54:7.3.5.2] 


1310.5 Piping in Vertical Chases. Where gas piping 
exceeding 5 psi (34 kPa) is located within vertical chases in 
accordance with Section 1310.6, the requirements of Section 
1310.5.1 through Section 1310.5.3 shall apply. [NFPA 
54:7.4] 


1310.5.1 Pressure Reduction. Where pressure reduc- 
tion is required in branch connections for compliance with 
Section 1310.6, such reduction shall take place either inside 
the chase or immediately adjacent to the outside wall of the 
chase. Regulator venting and downstream overpressure 
protection shall comply with Section 1308.7.4, Section 

1308.7.5 and Section 1308.8 through Section 1308.10.7. 

The regulator shall be accessible for service and repair, and 

vented in accordance with one of the following: 

(1) Where the fuel gas is lighter than air, regulators 
equipped with a vent limiting means shall be permit- 
ted to be vented into the chase. Regulators not 
equipped with a vent limiting means shall be permit- 
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ted to be vented either directly to the outdoors or to a 
point within the top | foot (305 mm) of the chase. 


(2) Where the fuel gas is heavier than air, the regulator 
vent shall be vented only directly to the outdoors. 
[NFPA 54:7.4.1] 


1310.5.2 Chase Construction. Chase construction 
shall comply with local building codes with respect to 
fire resistance and protection of horizontal and vertical 
openings. [NFPA 54:7.4.2] 


»» 1310.5.3 Ventilation. A chase shall be ventilated to the 
outdoors and only at the top. The opening(s) shall have 
a minimum free area [in square inches (square meters) | 
equal to the product of one-half of the maximum pres- 
sure in the piping [in pounds per square inch (kilopas- 
cals)] times the largest nominal diameter of that piping 
[in inches (millimeters)], or the cross-sectional area of 
the chase, whichever is smaller. Where more than one 
fuel gas piping system is present, the free area for each 
system shall be calculated and the largest area used. 
[NFPA 54:7.4.3] 
>>] 1310.6 Maximum Operating Pressure in Buildings. 
The maximum operating pressure for any piping systems 
located inside buildings shall not exceed 5 psi (34 kPa) unless 
one or more of the following conditions are met: 


>>I 


| (1) The piping joints are welded or brazed. 

(2) The piping joints are flanged and all pipe-to-flange con- 

nections are made by welding or brazing. 

| (3) The piping is located in a ventilated chase or otherwise 
enclosed for protection against accidental gas accumula- 
tion. 
| (4) The piping is located inside buildings or separate areas of 
buildings used exclusively for one of the following: 


(a) Industrial processing or heating 
(b) Research 

(c) Warehousing 

(d) Boiler or mechanical rooms 


| (5) The piping is a temporary installation for buildings under 
construction. 

| (6) The piping serves appliances or equipment used for agri- 
cultural purposes. 

| (7) The piping system is an LP-Gas piping system with an 
operating pressure greater than 20 psi (138 kPa) and com- 
plies with NFPA 58. [NFPA 54:5.5.4] 


»» 1310.6.1 LP-Gas Systems. LP-Gas systems designed 
to operate below -5°F (-21°C) or with butane or a 
propane-butane mix shall be designed to either accom- 
modate liquid LP-Gas or to prevent LP-Gas vapor from 
condensing back into a liquid. [NFPA 54:5.5.5] 


»» 1310.7 Appliance Overpressure Protection. The maxi- 
mum operating pressure for piping systems serving appliances 
designed to operate at 14 inches water column (3.5 kPa) inlet 
pressure or less shall be 2 pounds-force per square inch gauge 
(psig) (14 kPa) unless an over pressure protection device 
designed to limit pressure at the appliance to 2 psig (14 kPa) 
upon failure of the line gas pressure regulator is installed. 
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1310.8 Gas Pipe Turns. Changes in direction of gas pipe 
shall be made by the use of fittings, factory bends, or field 
bends. [NFPA 54:7.5] 
1310.8.1 Metallic Pipe. Metallic pipe bends shall com- 
ply with the following: 
(1) Bends shall be made only with bending tools and 
procedures intended for that purpose. 
(2) All bends shall be smooth and free from buckling, 
cracks, or other evidence of mechanical damage. 
(3) The longitudinal weld of the pipe shall be near the 
neutral axis of the bend. 
(4) Pipe shall not be bent through an arc of more than 90 
degrees. 


« 6 


« 


(5) The inside radius of a bend shall be not less than 6 | 


times the outside diameter of the pipe. [NFPA 
54:7.5.1] 


1310.8.2 Plastic Pipe. Plastic pipe bends shall comply 
with the following: 


(1) The pipe shall not be damaged, and the internal 
diameter of the pipe shall not be effectively reduced. 


(2) Joints shall not be located in pipe bends. 


(3) The radius of the inner curve of such bends shall not 
be less than 25 times the inside diameter of the pipe. 


(4) Where the piping manufacturer specifies the use of 
special bending tools or procedures, such tools or 
procedures shall be used. [NFPA 54:7.5.2] 


1310.8.3 Elbows. Factory-made welding elbows or 
transverse segments cut therefrom shall have an arc 
length measured along the crotch of at least 1 inch (25 
mm) for pipe sizes 2 inches (50 mm) and larger. [NFPA 
54:7.5.3] 


1310.9 Drips and Sediment Traps. For other than dry gas 
conditions, a drip shall be provided at any point in the line of 
pipe where condensate could collect. Where required by the 
Authority Having Jurisdiction or the serving gas supplier, a 
drip shall also be provided at the outlet of the meter. This drip 
shall be installed so as to constitute a trap wherein an accu- 
mulation of condensate shuts off the flow of gas before it runs 
back into the meter. [NFPA 54:7.6.1] 


1310.9.1 Location of Drips. All drips shall be 
installed only in such locations that they are readily 
accessible to permit cleaning or emptying. A drip shall 
not be located where the condensate is likely to freeze. 
[NFPA 54:7.6.2] 
1310.9.2 Sediment Traps. The installation of sedi- 
ment traps shall be in accordance with Section 1312.9. 
[NFPA 54:7.6.3] 

1310.10 Outlets. Outlets shall be located and installed in 

accordance with the following requirements: 

(1) The outlet fittings or piping shall be securely fastened in 
place. 


(2) Outlets shall not be located behind doors. 
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(3) Outlets shall be located far enough from floors, walls, 
patios, slabs, and ceilings to permit the use of wrenches 
without straining, bending, or damaging the piping. 

(4) The unthreaded portion of gas piping outlets shall extend 
not less than | inch (25.4 mm) through finished ceilings 
or indoor or outdoor walls. 


(5) The unthreaded portion of gas piping outlets shall extend 
not less than 2 inches (51 mm) above the surface of floors 
or outdoor patios or slabs. 


(6) The provisions of Section 1310.10(4) and Section 
1310.10(S) shall not apply to listed quick-disconnect 
devices of the flush-mounted type or listed gas conven- 
ience outlets. Such devices shall be installed in accor- 
dance with the manufacturer’s installation instructions. 
[NFPA 54:7.7.1.1 — 7.7.1.6] 


1310.10.1 Cap Outlets. Each outlet, including a valve, 
shall be closed gastight with a threaded plug or cap 
immediately after installation and shall be left closed 
until the appliance or equipment is connected thereto. 
When an appliance or equipment is disconnected from 
an outlet and the outlet is not to be used again immedi- 
ately, it shall be capped or plugged gastight. 


Exceptions: 


(1) Laboratory appliances installed in accordance with 
Section 1312.3.1 shall be permitted. 


(2) The use of a listed quick-disconnect device with 
integral shutoff or listed gas convenience outlet shall 
be permitted. [NFPA 54:7.7.2.1] 


1310.10.1.1 Appliance Shutoff Valves. Appli- 
ance shutoff valves installed in fireplaces shall be 
removed and the piping capped gastight where the 
fireplace is used for solid fuel burning. [NFPA 
54:7.7.2.2] 


1310.11 Manual Gas Shutoff Valves. An accessible gas 
shutoff valve shall be provided upstream of each gas pressure 
regulator. Where two gas pressure regulators are installed in 
series in a single gas line, a manual valve shall not be required 
at the second regulator. [NFPA 54:7.8.1] 


1310.11.1 Valves Controlling Multiple Systems. 
Main gas shutoff valves controlling several gas piping 
systems shall be readily accessible for operation and 
installed so as to be protected from physical damage. 
They shall be marked with a metal tag or other perma- 
nent means attached by the installing agency so that the 
gas piping systems supplied through them can be readily 
identified. [NFPA 54:7.8.2.1] 


1310.11.1.1 Shutoff Valves for Multiple House 
Lines. In multiple-tenant buildings supplied 
through a master meter, through one service regula- 
tor where a meter is not provided, or where meters 
or service regulators are not readily accessible from 
the appliance or equipment location, an individual 
shutoff valve for each apartment or tenant line shall 
be provided at a convenient point of general acces- 
sibility. In a common system serving a number of 
individual buildings, shutoff valves shall be installed 
at each building. [NFPA 54:7.8.2.2] 
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1310.11.2 Emergency Shutoff Valves. An exterior 
shutoff valve to permit turning off the gas supply to each 
building in an emergency shall be provided. The emer- 
gency shutoff valves shall be plainly marked as such and 
their locations posted as required by the Authority Hav- 
ing Jurisdiction. [NFPA 54:7.8.2.3] 


1310.11.3 Shutoff Valve for Laboratories. Each lab- 
oratory space containing two or more gas outlets installed 
on tables, benches, or in hoods in educational, research, 
commercial, and industrial occupancies shall have a sin- 
gle shutoff valve through which all such gas outlets are 
supplied. The shutoff valve shall be accessible, located 
within the laboratory or adjacent to the laboratory’s 
egress door, and identified. [NFPA 54:7.8.2.4] 


1310.12 Prohibited Devices. Devices shall not be placed 
within the interior of gas piping or fittings where such devices 
reduce the cross-sectional area or otherwise obstruct the free 
flow of gas, except where allowance in the piping system 
design has been made for such devices. [NFPA 54:7.9] 


1310.13 Systems Containing Gas-Air Mixtures Out- 
side the Flammable Range. Where gas-air mixing 
machines are employed to produce mixtures above or below 
the flammable range, they shall be provided with stops to pre- 
vent adjustment of the mixture to within or approaching the 
flammable range. [NFPA 54:7.10] 


1310.14 Systems Containing Flammable Gas-Air 
Mixtures. Systems containing flammable gas-air mixtures 
shall be in accordance with Section 1310.14.1 through Sec- 
tion 1310.14.6. 


1310.14.1 Required Components. A central premix 
system with a flammable mixture in the blower or com- 
pressor shall consist of the following components: 


(1) Gas-mixing machine in the form of an automatic 
gas-air proportioning device combined with a down- 
stream blower or compressor. 

(2) Flammable mixture piping, minimum Schedule 40. 

(3) Automatic firecheck(s). 

(4) Safety blowout(s) or backfire preventers for systems 
utilizing flammable mixture lines above 2'% inches 
(64 mm) nominal pipe size or the equivalent. [NFPA 
54:7.11.1] 

1310.14.2 Optional Components. The following 

components shall also be permitted to be utilized in any 

type of central premix system: 

(1) Flowmeter(s) 

(2) Flame arrester(s) [NFPA 54:7.11.2] 

1310.14.3 Additional Requirements. Gas-mixing 

machines shall have nonsparking blowers and shall be 

constructed so that a flashback does not rupture machine 
casings. [NFPA 54:7.11.3] 

1310.14.4 Special Requirements for Mixing 

Blowers. A mixing blower system shall be limited to 

applications with minimum practical lengths of mixture 

piping, limited to a maximum mixture pressure of 10 

inches water column (2.5 kPa) and limited to gases con- 

taining no more than 10 percent hydrogen. The blower 
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shall be equipped with a gas control valve at its air 
entrance arranged so that gas is admitted to the airstream, 
entering the blower in proper proportions for correct 
combustion by the type of burners employed, the said 
gas control valve being of either the zero governor or 
mechanical ratio valve type that controls the gas and air 
adjustment simultaneously. No valves or other obstruc- 
tions shall be installed between the blower discharge and 
the burner or burners. [NFPA 54:7.11.4] 


1310.14.5 Installation of Gas-Mixing Machines. 
Installation of gas-mixing machines shall comply with 
the following: 


(1) The gas-mixing machine shall be located in a well- 
ventilated area or in a detached building or cutoff 
room provided with room construction and explo- 
sion vents in accordance with sound engineering 
principles. Such rooms or below-grade installations 
shall have adequate positive ventilation. 


(2) Where gas-mixing machines are installed in well- 
ventilated areas, the type of electrical equipment 
shall be in accordance with NFPA 70 for general 
service conditions unless other hazards in the area 
prevail. Where gas-mixing machines are installed in 
small detached buildings or cutoff rooms, the elec- 
trical equipment and wiring shall be installed in 
accordance with NFPA 70 for hazardous locations 
(Articles 500 and 501, Class I, Division 2). 


(3) Air intakes for gas-mixing machines using compres- 
sors or blowers shall be taken from outdoors when- 
ever practical. 


(4) Controls for gas-mixing machines shall include inter- 
locks and a safety shutoff valve of the manual reset 
type in the gas supply connection to each machine 
arranged to automatically shut off the gas supply in 
the event of high or low gas pressure. Except for open 
burner installations only, the controls shall be inter- 
locked so that the blower or compressor stops oper- 
ating following a gas supply failure. Where a system 
employs pressurized air, means shall be provided to 
shut off the gas supply in the event of air failure. 


(5) Centrifugal gas-mixing machines in parallel shall be 
reviewed by the user and equipment manufacturer 
before installation, and means or plans for minimiz- 
ing the effects of downstream pulsation and equip- 
ment overload shall be prepared and utilized as 
needed. [NFPA 54:7.11.5.1 —7.11.5.5] 


1310.14.6 Use of Automatic Firechecks, Safety 
Blowouts, or Backfire Preventers. Automatic 
firechecks and safety blowouts or backfire preventers shall 
be provided in piping systems distributing flammable air- 
gas mixtures from gas-mixing machines to protect the pip- 
ing and the machines in the event of flashback, in 
accordance with the following: 

(1) Approved automatic firechecks shall be installed 


upstream as close as practical to the burner inlets fol- 
lowing the firecheck manufacturer’s instructions. 


(2) A separate manually operated gas valve shall be pro- 
vided at each automatic firecheck for shutting off the 
flow of the gas-air mixture through the firecheck after 
a flashback has occurred. The valve shall be located 
upstream as close as practical to the inlet of the auto- 
matic firecheck. 


Caution: These valves shall not be reopened after a 
flashback has occurred until the firecheck has cooled 
sufficiently to prevent re-ignition of the flammable 
mixture and has been reset properly. 


(3) A safety blowout or backfiring preventer shall be 
provided in the mixture line near the outlet of each 
gas-mixing machine where the size of the piping is 
larger than 2’ inches (65 mm) NPS, or equivalent, to 
protect the mixing equipment in the event of an 
explosion passing through an automatic firecheck. 
The manufacturers’ instructions shall be followed 
when installing these devices, particularly after a disc 
has burst. The discharge from the safety blowout or 
backfire preventer shall be located or shielded so that 
particles from the ruptured disc cannot be directed 
toward personnel. Wherever there are interconnected 
installations of gas-mixing machines with safety 
blowouts or backfire preventers, provision shall be 
made to keep the mixture from other machines from 
reaching any ruptured disc opening. Check valves 
shall not be used for this purpose. 


(4) Large-capacity premix systems provided with explo- 
sion heads (rupture discs) to relieve excessive pres- 
sure in pipelines shall be located at and vented to a 
safe outdoor location. Provisions shall be provided for 
automatically shutting off the supply of the gas-air 
mixture in the event of rupture. [NFPA 54:7.11.6] 


1311.0 Electrical Bonding and Grounding. 


1311.1 Pipe and Tubing Other than CSST. Each above- 
ground portion of a gas piping system, other than CSST, that is 
likely to become energized shall be electrically continuous and 
bonded to an effective ground-fault current path. Gas piping, 
other than CSST, shall be considered to be bonded when it is 
connected to appliances that are connected to the appliance 
grounding conductor of the circuit supplying that appliance. 
[NFPA 54:7.12.1] 


1311.2 Bonding of CSST Gas Piping. CSST gas piping 
systems, and gas piping systems containing one or more seg- 
ments of CSST, shall be electrically continuous and bonded to | 
the electrical service grounding electrode system or, where pro- 
vided, lightning protection grounding electrode system. [NFPA 
54:7.12.2] 

1311.2.1 Bonding Jumper Connection. The bonding 

jumper shall connect to a metallic pipe, pipe fitting, or 

CSST fitting. [NFPA 54:7.12.2.1] 

1311.2.2 Bonding Jumper Size. The bonding jumper 

shall not be smaller than 6 AWG copper wire or equivalent. 

[NFPA 54:7.12.2.2] 

1311.2.3 Bonding Jumper Length. The length of the 

jumper between the connection to the gas piping system 

and the grounding electrode system shall not exceed 75 feet 


2022 CALIFORNIA MECHANICAL CODE 


»>I 
» 


D » 


» 


» 


(22 860 mm). Any additional grounding electrodes 
installed to meet this requirement shall be bonded to the 
electrical service grounding electrode system or, where 
provided, lightning protection grounding electrode system. 
[NFPA 54:7.12.2.3] 


1311.2.4 Bonding Connections. Bonding connections 
shall be in accordance with NFPA 70. [NFPA 54:7.12.2.4] 


1311.2.5 Devices Used for Bonding. Devices used for 
the bonding connection shall be listed for the application in 
accordance with UL 467. [NFPA 54:7.12.2.5] 


1311.3 Arc-Resistant Jacketed CSST. CSST listed with 
an arc-resistant jacket or coating system in accordance with 
CSA LC 1 shall be electrically continuous and bonded to an 
effective ground fault current path. Where any CSST com- 
ponent of a piping system does not have an arc-resistant 
jacket or coating system, the bonding requirements of Sec- 
tion 1311.2 shall apply. Arc-resistant jacketed CSST shall be 
considered to be bonded when it is connected to appliances 
that are connected to the appliance grounding conductor of 
the circuit supplying that appliance. [NFPA 54:7.12.3] 


1311.4 Prohibited Use. Gas piping shall not be used as a 
grounding conductor or electrode. [NFPA 54:7.12.4] 


1311.5 Lightning Protection System. Where a lightning 
protection system is installed, the bonding of the gas piping 
shall be in accordance with NFPA 780. [NFPA 54:7.12.5] 


1311.6 Electrical Circuits. Electrical circuits shall not uti- 
lize gas piping or components as conductors. 


Exception: Low-voltage (S50V or less) control circuits, igni- 
tion circuits, and electronic flame detection device circuits 
shall be permitted to make use of piping or components as a 
part of an electric circuit. [NFPA 54:7.13] 


1311.7 Electrical Connections. All electrical connections 
between wiring and electrically operated control devices in a 
piping system shall conform to the requirements of NFPA 70. 
[NFPA 54:7.14.1] 


1311.7.1 Safety Control. Any essential safety control 
depending on electric current as the operating medium 
shall be of a type that shuts off (fail safe) the flow of gas 
in the event of current failure. [NFPA 54:7.14.2] 


1312.0 Appliance and Equipment Connections to 
Building Piping. 

1312.1 Connecting Appliances and Equipment. 
Appliances and equipment shall be connected to the building 
piping in compliance with Section 1312.6 through Section 
1312.8 by one of the following: 


(1) Rigid metallic pipe and fittings. 
(2) Semirigid metallic tubing and metallic fittings. Alu- 


minum alloy tubing shall not be used in exterior loca- 
tions. 


(3) A listed connector in compliance with CSA Z21.24. The 
connector shall be used in accordance with the manu- 
facturer’s installation instructions and shall be in the 
same room as the appliance. Only one connector shall be 
used per appliance. 
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(4) A listed connector in compliance with CSA Z21.75. Only 
one connector shall be used per appliance. 


(5) CSST where installed in accordance with the manufac- 
turer’s installation instructions. CSST shall connect only 
to appliances that are fixed in place. 


(6) Listed nonmetallic gas hose connectors in accordance 
with Section 1312.3. 


(7) Unlisted gas hose connectors for use in laboratories and 
educational facilities in accordance with Section 1312.4. 
[NFPA 54:9.6.1] 


1312.1.1 Commercial Cooking Appliances. Con- 
nectors used with commercial cooking appliances that are 
moved for cleaning and sanitation purposes shall be 
installed in accordance with the connector manufacturer’s 
installation instructions. Such connectors shall be listed in 
accordance with CSA Z21.69. [NFPA 54:9.6.1.3] 


1312.1.2 Restraining Device. Movement of appliances 
with casters shall be limited by a restraining device 
installed in accordance with the connector and appliance 
manufacturer’s installation instructions. [NFPA 
54:9.6.1.4] 


1312.2 Suspended Low-Intensity Infrared Tube 
Heaters. Suspended low-intensity infrared tube heaters shall 
be connected to the building piping system with a connector 
listed for the application in accordance with CSA Z21.24 as 
follows: 


(1) The connector shall be installed in accordance with the 
tube heater installation instructions, and shall be in the 
same room as the appliance. 


(2) Only one connector shall be used per appliance. [NFPA 
54:9.6.1.5] 


1312.3 Use of Nonmetalic Gas Hose Connectors. 
Listed gas hose connectors shall be used in accordance with 
the manufacturer’s installation instructions and in accordance 
with Section 1312.3.1 or Section 1312.3.2. [NFPA 54:9.6.2] 


1312.3.1 Indoor. Indoor gas hose connectors shall be 
used only to connect laboratory, shop, and ironing appli- 
ances requiring mobility during operation and installed in 
accordance with the following: 


(1) An appliance shutoff valve shall be installed where 
the connector is attached to the building piping. 


(2) The connector shall be of minimum length and shall 
not exceed 6 feet (1829 mm). 


(3) The connector shall not be concealed and shall not 
extend from one room to another or pass through wall 
partitions, ceilings, or floors. [NFPA 54:9.6.2(1)] 


1312.3.2 Outdoor. Where outdoor gas hose connectors 
are used to connect portable outdoor appliances, the con- 
nector shall be listed in accordance with CSA Z21.54 and 
installed in accordance with the following: 


(1) An appliance shutoff valve, a listed quick-discon- 
nect device, or a listed gas convenience outlet shall 
be installed where the connector is attached to the 
supply piping and in such a manner so as to prevent 
the accumulation of water or foreign matter. 
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(2) This connection shall be made only in the outdoor area 
where the appliance is to be used. [NFPA 54:9.6.2(2)] 


(3) The connector length shall not exceed 15 feet (4572 
mm). 


1312.4 Injection (Bunsen) Burners. Injection (Bunsen) 
burners used in laboratories and educational facilities shall 
be permitted to be connected to the gas supply by an unlisted 
hose. [NFPA 54:9.6.3] 


1312.5 Connection of Portable and Mobile Industrial 
Appliances. Where portable industrial appliances or appli- 
ances requiring mobility or subject to vibration are connected 
to the building gas piping system by the use of a flexible hose, 
the hose shall be suitable and safe for the conditions under 
which it can be used. [NFPA 54:9.6.4.1] 


1312.5.1 Swivel Joints or Couplings. Where indus- 
trial appliances requiring mobility are connected to the 
rigid piping by the use of swivel joints or couplings, the 
swivel joints or couplings shall be suitable for the serv- 
ice required and only the minimum number required 
shall be installed. [NFPA 54:9.6.4.2] 


1312.5.2 Metal Flexible Connectors. Where indus- 
trial appliances subject to vibration are connected to the 
building piping system by the use of all metal flexible 
connectors, the connectors shall be suitable for the serv- 
ice required. [NFPA 54:9.6.4.3] 


1312.5.3 Flexible Connectors. Where flexible con- 
nections are used, they shall be of the minimum practical 
length and shall not extend from one room to another or 
pass through any walls, partitions, ceilings, or floors. 
Flexible connections shall not be used in any concealed 
location. They shall be protected against physical or ther- 
mal damage and shall be provided with gas shutoff valves 
in readily accessible locations in rigid piping upstream 
from the flexible connections. [NFPA 54:9.6.4.4] 


1312.6 Appliance Shutoff Valves and Connections. 
Each appliance connected to a piping system shall have an 
accessible, approved manual shutoff valve with a nondis- 
placeable valve member, or a listed gas convenience outlet. 
Appliance shutoff valves and convenience outlets shall serve 

| a single appliance only. [NFPA 54:9.6.5] The shutoff valve 
shall be located within 6 feet (1829 mm) of the appliance it 

| serves. [NFPA 54:9.6.5.1] Where a connector is used, the valve 
shall be installed upstream of the connector. A union or 
flanged connection shall be provided downstream from the 

| valve to permit removal of appliance controls. [NFPA 
54:9.6.5.1(A)] 


Exceptions: 


(1) Shutoff valves serving decorative appliances in a fireplace 
shall not be located within the fireplace firebox except 
where the valve is listed for such use. [NFPA 54: 9.6.5.1(B)] 

(2) Shutoff valves shall be permitted to be accessibly located 
inside wall heaters and wall furnaces listed for recessed 
installation where necessary maintenance is performed 
without removal of the shutoff valve. 

1312.7 Quick-Disconnect Devices. Quick-disconnect 


devices used to connect appliances to the building piping shall 
be listed to CSA Z21.41. Where installed indoors, an 
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approved manual shutoff valve with a nondisplaceable valve 
member shall be installed upstream of the quick-disconnect 
device. [NFPA 54:9.6.6 — 9.6.6.2] 


1312.8 Gas Convenience Outlets. Appliances shall be 
permitted to be connected to the building piping by means of 
a listed gas convenience outlet, in conjunction with a listed 
appliance connector, installed in accordance with the manu- 
facturer’s installation instructions. 


Gas convenience outlets shall be listed in accordance 
with CSA Z21.90 and installedm accordance with the man- 
ufacturer’s installation instructions. [NFPA 54:9.6.7] 


1312.9 Sediment Trap. Where 4 sediment trap is not incor- 
porated as a part of the appliance, a sediment trap shall be 
installed downstream of the appliance shutoff valve as close 
to the inlet of the appliance as practical at the time of appli- | 
ance installation. The sediment trap shall be either a tee fitting 
with a capped nipple in the bottom outlet, as illustrated in Fig- 
ure 1312.9, or another device recognized as an effective sed- 
iment trap. Illuminating appliances, gas ranges, clothes | 
dryers, decorative appliances for installation in vented fire- 
places, gas fireplaces, and outdoor cooking appliances shall 
not be required to be so equipped. [NFPA 54:9.6.8] 


Gas supply inlet 


To 
equipment ~«— 
inlet 


~<— Tee fitting 


3 inches 
minimum 


: 


For SI units: 1 inch = 25.4 mm 


FIGURE 1312.9 
METHOD OF INSTALLING A TEE FITTING SEDIMENT TRAP 
[NFPA 54: FIGURE 9.6.8] 


1312.10 Installation of Piping. Piping shall be installed in 
a manner not to interfere with inspection, maintenance, or 
servicing of the appliances. [NFPA 54:9.6.9] 


1312.11 Liquefied Petroleum Gas Facilities and Pip- 
ing. Liquefied petroleum gas facilities shall comply with 
NFPA 58. 


1313.0 Pressure Testing, Inspection, and Purging. 


1313.1 Piping Installations. Prior to acceptance and ini- 
tial operation, all piping installations shall be visually 
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inspected and pressure tested to determine that the materials, 
design, fabrication, and installation practices comply with the 
requirements of this code. [NFPA 54:8.1.1.1] 


1313.1.1 Inspection Requirements. Inspection shall 
consist of visual examination, during or after manufacture, 
fabrication, assembly, or pressure tests. [NFPA 54:8.1.1.2] 


1313.1.2 Repairs and Additions. Where repairs or 
additions are made following the pressure test, the 
affected piping shall be tested. Minor repairs and addi- 
tions are not required to be pressure tested, provided that 
the work is inspected and connections are tested with a 
noncorrosive leak-detecting fluid or other leak-detecting 
methods approved by the Authority Having Jurisdiction. 
[NFPA 54:8.1.1.3] 


1313.1.3 New Branches. Where new branches are 
installed to new appliance(s), only the newly installed 
branch(es) shall be required to be pressure tested. Con- 
nections between the new piping and the existing piping 
shall be tested with a noncorrosive leak-detecting fluid or 
approved leak-detecting methods. [NFPA 54:8.1.1.4] 


1313.1.4 Piping System. A piping system shall be tested 
as a complete unit or in sections. Under no circumstances 
shall a valve in a line be used as a bulkhead between gas in 
one section of the piping system and test medium in an 
adjacent section, unless a double block and bleed valve sys- 
tem is installed. A valve shall not be subjected to the test 
pressure unless it can be determined that the valve, includ- 
ing the valve-closing mechanism, is designed to safely 
withstand the pressure. [NFPA 54:8.1.1.5] 


1313.1.5 Regulators and Valves. Regulator and 
valve assemblies fabricated independently of the piping 
system in which they are to be installed shall be permit- 
ted to be tested with inert gas or air at the time of fabri- 
cation. [NFPA 54:8.1.1.6] 


1313.1.6 Test Medium. The test medium shall be air, 
nitrogen, carbon dioxide, or an inert gas. Oxygen shall 
not be used as a test medium. [NFPA 54:8.1.2] 


1313.2 Test Preparation. Test preparation shall comply 
with Section 1313.2.1 through Section 1313.2.6. 


1313.2.1 Pipe Joints. Pipe joints, including welds, 
shall be left exposed for examination during the test. 


Exception: Covered or concealed pipe end joints that 
have been previously tested in accordance with this code. 
[NFPA 54:8.1.3.1] 


1313.2.2 Expansion Joints. Expansion joints shall 
be provided with temporary restraints, if required, for the 
additional thrust load under test. [NFPA 54:8.1.3.2] 


1313.2.3 Appliances and Equipment. Appliances and 
equipment that are not to be included in the test shall be 
either disconnected from the piping or isolated by blanks, 
blind flanges, or caps. Flanged joints at which blinds are 
inserted to blank off other equipment during the test shall 
not be required to be tested. [NFPA 54:8.1.3.3] 


1313.2.4 Designed for Operating Pressures Less 
than Test Pressure. Where the piping system is con- 
nected to appliances or equipment designed for operating 
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pressures of less than the test pressure, such appliances 
or equipment shall be isolated from the piping system by 
disconnecting them and capping the outlet(s). [NFPA 
54:8.1.3.4] 


1313.2.5 Designed for Operating Pressures Equal 
to or Greater than Test Pressure. Where the piping 
system is connected to appliances or equipment designed 
for operating pressures equal to or greater than the test 
pressure, such appliances or equipment shall be isolated 
from the piping system by closing the individual appli- 
ance or equipment shutoff valve(s). [NFPA 54:8.1.3.5] 
1313.2.6 Safety. All testing of piping systems shall be 
performed in a manner that protects the safety of employ- 
ees and the public during the test. [NFPA 54:8.1.3.6] 


1313.3 Test Pressure. This inspection shall include an air, 
CO5, or nitrogen pressure test, at which time the gas piping 
shall stand a pressure of not less than 10 psi (69 kPa) gauge 
pressure. Test pressures shall be held for a length of time sat- 
isfactory to the Authority Having Jurisdiction but in no case 
less than 15 minutes with no perceptible drop in pressure. For 
welded piping, and for piping carrying gas at pressures in 
excess of 14 inches water column (3.5 kPa) pressure, the test 
pressure shall be not less than 60 psi (414 kPa) and shall be 
continued for a length of time satisfactory to the Authority 
Having Jurisdiction, but in no case for less than 30 minutes. 
For CSST carrying gas at pressures in excess of 14 inches 
water column (3.5 kPa) pressure, the test pressure shall be 30 
psi (207 kPa) for 30 minutes. These tests shall be made using 
air, CO4, or nitrogen pressure and shall be made in the pres- 
ence of the Authority Having Jurisdiction. Necessary appa- 
ratus for conducting tests shall be furnished by the permit 
holder. Test gauges used in conducting test shall be in accor- 
dance with Section 1303.3.3.1 through Section 1303.3.3.4. 


1313.4 Detection of Leaks and Defects. The piping sys- 
tem shall withstand the test pressure specified without showing 
any evidence of leakage or other defects. Any reduction of test 
pressures as indicated by pressure gauges shall be deemed to 
indicate the presence of a leak unless such reduction can be 
readily attributed to some other cause. [NFPA 54:8.1.5.1] 


1313.4.1 Detecting Leaks. The leakage shall be 
located by means of an approved gas detector, a noncor- 
rosive leak detection fluid, or other approved leak detec- 
tion methods. [NFPA 54:8.1.5.2] 


1313.4.2 Repair or Replace. Where leakage or other 
defects are located, the affected portion of the piping sys- 
tem shall be repaired or replaced and retested. [NFPA 
54:8.1.5.3] 


1313.5 Piping System Leak Test. Leak checks using fuel 
gas shall be permitted in piping systems that have been pres- 
sure-tested in accordance with Section 1313.0 through Section 
1313.4.2. [NFPA 54:8.2.1] 


1313.5.1 Turning Gas On. During the process of turn- 
ing gas on into a system of new gas piping, the entire sys- 
tem shall be inspected to determine that there are no open 
fittings or ends and that all valves at unused outlets are 
closed and plugged or capped. [NFPA 54:8.2.2] 
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1313.5.2 Leak Check. Immediately after the gas is 
turned on into a new system or into a system that has 
been initially restored after an interruption of service, the 
piping system shall be checked for leakage. Where leak- 
age is indicated, the gas supply shall be shut off until the 
necessary repairs have been made. [NFPA 54:8.2.3] 


1313.5.3 Placing Appliances and Equipment in 
Operation. Appliances and equipment shall not be 
placed in operation until after the piping system has been 
checked for leakage in accordance with Section 1313.5.2, 
the piping system is purged in accordance with Section 
1313.6, and connections to the appliance are checked for 
leakage. [NFPA 54:8.2.4] 


1313.6 Purging Requirements. The purging of piping 
shall be in accordance with Section 1313.6.1 through Section 
1313.6.3. [NFPA 54:8.3] 


1313.6.1 Piping Systems Required to be Purged 
Outdoors. The purging of piping systems shall be in 
accordance with Section 1313.6.1.1 through Section 
1313.6.1.4 where the piping system meets either of the 
following: 


(1) The design operating gas pressure is greater than 2 
psig (14 kPag). 


(2) The piping being purged contains one or more sec- 
tions of pipe or tubing meeting the size and length 
criteria of Table 1313.6.1. [NFPA 54:8.3.1] 


TABLE 1313.6.1 
SIZE AND LENGTH OF PIPING 
[NFPA 54: TABLE 8.3.1]* 


NOMINAL PIPING SIZE (inches) LENGTH OF PIPING (feet) 
224<3 > 50 
j >3<4 > 30 
>4<6 Bane} 
2>6<8 > 10 
’ =8 Any length 


For SI units: 1 inch = 25 mm; 1 foot = 304.8 mm 
* CSST EHD size of 62 is equivalent to nominal 2 inches (50 mm) pipe or 


tubing size. 
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1313.6.1.1 Removal from Service. Where exist- 
ing gas piping is opened, the section that is opened 
shall be isolated from the gas supply and the line pres- 
sure vented in accordance with Section 1313.6.1.3. 
Where gas piping meeting the criteria of Table 
1313.6.1 is removed from service, the residual fuel 
gas in the piping shall be displaced with an inert gas. 
[NFPA 54:8.3.1.1] 


1313.6.1.2 Placing in Operation. Where gas pip- 
ing containing air and meeting the criteria of Table 
1313.6.1 is placed in operation, the air in the piping 
shall first be displaced with an inert gas. The inert 


gas shall then be displaced with fuel gas in accor- 
dance with Section 1313.6.1.3. [NFPA 54:8.3.1.2] 


1313.6.1.3 Outdoor Discharge of Purged 
Gases. The open end of a piping system being 
pressure vented or purged shall discharge directly to 
an outdoor location. Purging operations shall com- 
ply with all of the following requirements: 


(1) The point of discharge shall be controlled with 
a shutoff valve. 


(2) The point of discharge shall be located at least 10 
feet (3048 mm) from sources of ignition, at least 
10 feet (3048 mm) from building openings and at 
least 25 feet (7620 mm) from mechanical air 
intake openings. 

(3) During discharge, the open point of discharge 
shall be continuously attended and monitored 
with a combustible gas indicator that complies 
with Section 1313.6.1.4. 


(4) Purging operations introducing fuel gas shall be 
stopped when 90 percent fuel gas by volume is 
detected within the pipe. 


(5) Persons not involved in the purging operations 
shall be evacuated from all areas within 10 feet 
(3048 mm) of the point of discharge. [NFPA 
54:8.3.1.3] 


1313.6.1.4 Combustible Gas Indicator. Com- 
bustible gas indicators shall be listed and calibrated 
in accordance with the manufacturer’s instructions. 
Combustible gas indicators shall numerically dis- 
play a volume scale from 0 percent to 100 percent in 
| percent or smaller increments. [NFPA 54:8.3.1.4] 


1313.6.2 Piping Systems Allowed to be Purged 
Indoors or Outdoors. The purging of piping systems 
shall be in accordance with the provisions of Section 
1313.6.2.1 where the piping system meets both of the 
following: 


(1) The design operating pressure is 2 psig (14 kPag) or 
less. 


(2) The piping being purged is constructed entirely from 
pipe or tubing not meeting the size and length crite- 
ria of Table 1313.6.1. [NFPA 54:8.3.2] 
1313.6.2.1 Purging Procedure. The piping sys- 
tem shall be purged in accordance with one or more 
of the following: 

(1) The piping shall be purged with fuel gas and 
shall discharge to the outdoors. 

(2) The piping shall be purged with fuel gas and 
shall discharge to the indoors or outdoors 
through an appliance burner not located in a 
combustion chamber. Such burner shall be pro- 
vided with a continuous source of ignition. 

(3) The piping shall be purged with fuel gas and 
shall discharge to the indoors or outdoors 
through a burner that has a continuous source of 
ignition and that is designed for such purpose. 
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(4) The piping shall be purged with fuel gas that is 
discharged to the indoors or outdoors, and the 
point of discharge shall be monitored with a listed 
combustible gas detector in accordance with Sec- 
tion 1313.6.2.2. Purging shall be stopped when 
fuel gas is detected. 

(5) The piping shall be purged by the gas supplier 
in accordance with written procedures. [NFPA 
54:8.3.2.1] 


1313.6.2.2 Combustible Gas Detector. Com- 
bustible gas detectors shall be listed and calibrated or 
tested in accordance with the manufacturer’s instruc- 
tions. Combustible gas detectors shall be capable of 
indicating the presence of fuel gas. [NFPA 54:8.3.2.2] 


1313.6.3 Purging Appliances and Equipment. 
After the piping system has been placed in operation, 
appliances and equipment shall be purged before being 
placed into operation. [NFPA 54:8.3.3] 


1314.0 Required Gas Supply. 


1314.1 General. The following regulations, shall comply 
with this section and Section 1315.0, shall be the standard for 
the installation of gas piping. Natural gas regulations and 
tables are based on the use of gas having a specific gravity of 
0.60 and for undiluted liquefied petroleum gas having a spe- 
cific gravity of 1.50. 


Where gas of a different specific gravity is to be deliv- 
ered, the serving gas supplier shall be permitted to be con- 
tacted for specific gravity conversion factors to use in sizing 
piping systems from the pipe sizing tables in this chapter. 


1314.2 Volume. The hourly volume of gas required at each 
piping outlet shall be taken as not less than the maximum 
hourly rating as specified by the manufacturer of the appli- 
ance or appliances to be connected to each such outlet. 


1314.3 Gas Appliances. Where the gas appliances to be 
installed have not been definitely specified, Table 1308.4.1 
shall be permitted to be used as a reference to estimate 
requirements of typical appliances. To obtain the cubic feet 
per hour (m*/h) of gas required, divide the input of the appli- 
ances by the average Btu (kWeh) heating value per cubic foot 
(m?) of the gas. The average Btu (kWeh) per cubic foot (m?) 
of the gas in the area of the installation shall be permitted to 
be obtained from the serving gas supplier. 


1314.4 Size of Piping Outlets. The size of the supply pip- 
ing outlet for a gas appliance shall be not less than 4 of an 
inch (15 mm). 


The size of a piping outlet for a mobile home shall be not 
less than *4 of an inch (20 mm). 


1315.0 Required Gas Piping Size. 


1315.1 Pipe Sizing Methods. Where the pipe size is to be 
| determined using any of the methods in Section 1315.1.1 
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through Section 1315.1.3, the diameter of each pipe segment 
shall be obtained from the pipe sizing tables in Section 1315.2 
or from the sizing equations in Section 1315.3. [NFPA 
54:6.1] 


1315.1.1 Longest Length Method. The pipe size of 
each section of gas piping shall be determined using the 
longest length of piping from the point of delivery to the 
most remote outlet and the load of the section. [NFPA 
54:6.1.1] 


1315.1.2 Branch Length Method. Pipe shall be sized 
as follows: 


(1) Pipe size of each section of the longest pipe run from | 
the point of delivery to the most remote outlet shall 
be determined using the longest run of piping and 
the load of the section. 


(2) The pipe size of each section of branch piping not 
previously sized shall be determined using the 
length of piping from the point of delivery to the 
most remote outlet in each branch and the load of 
the section. [NFPA 54:6.1.2] 


1315.1.3 Hybrid Pressure. The pipe size for each sec- 
tion of higher pressure gas piping shall be determined using 
the longest length of piping from the point of delivery to the 
most remote line pressure regulator. The pipe size from the 
line pressure regulator to each outlet shall be determined 
using the length of piping from the regulator to the most 
remote outlet served by the regulator. [NFPA 54:6.1.3] 
1315.2 Sizing of Gas Piping Systems. Sizing of piping 
systems shall be in accordance with Section 1315.2.1 for nat- 
ural gas piping systems and Section 1315.2.2 for propane pip- 
ing systems. 
1315.2.1 Natural Gas Piping Systems. Table 
1315.2(1) through Table 1315.2(23) shall be used in con- 
junction with one of the methods described in Section 
1315.1.1 through Section 1315.1.3 for piping materials 
other than non-corrugated stainless steel tubing. Section 
1315.3 shall be used in conjunction with one of the meth- 
ods described in Section 1315.1.1 through Section 
1315.1.3 for non-corrugated stainless steel tubing. 
[NFPA 54:6.2.1, 6.2.2] 


1315.2.2 Propane Piping Systems. Table 1315.2(24) 
through Table 1315.2(36) shall be used in conjunction 
with one of the methods described in Section 1315.1.1 
through Section 1315.1.3 for piping materials other than 
non-corrugated stainless steel tubing. Section 1315.3 shall 
be used in conjunction with one of the methods described 
in Section 1315.1.1 through Section 1315.1.3 for non-cor- 
rugated stainless steel tubing. [NFPA 54:6.3.1, 6.3.2] 
1315.3 Sizing Equations. The inside diameter of smooth 
wall pipe or tubing shall be determined by Equation 
1315.3(1), Equation 1315.3(2) and Table 1315.3 using the 
equivalent pipe length determined by the methods in Section 
1315.1.1 through Section 1315.1.3. [NFPA 54:6.4] 
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LOW-PRESSURE GAS FORMULA (LESS THAN 1.5 psi) (10.3 kPa) 
[NFPA 54:6.4.1] 


[Equation 1315.3(1)] 


0.381 

ines - AH 0.206 
oi 

Where: 

D = inside diameter of pipe, inches 

Q = __ input rate appliance(s), cubic feet per hour at 60°F 

and 30 inch mercury column 

L = _— equivalent length of pipe, feet 

AH= _ pressure drop, inches of water column 

Cro = inaccordance with Table 1315.3 


HIGH-PRESSURE GAS FORMULA (1.5 psi (10.3 kPa) AND ABOVE) 
[NFPA 54:6.4.2] 


[Equation 1315.3(2)] 


381 
Diahaiger aiscdeaeage ar eat 
Crk al tel, 
18.93 psikebeniiceie 
Where: 
D = inside diameter of pipe, inches 
QO = input rate of appliance(s), cubic feet per hour at 60°F 
and 30 inch mercury column 
P, = upstream pressure, psia (P, + 14.7) 
P,= downstream pressure, psia (P, + 14.7) 
L = _— equivalent length of pipe, feet 
Cr = inaccordance with Table 1315.3 
Y = _— inaccordance with Table 1315.3 


For SI units: 1 cubic foot = 0.0283 m*, 1000 British thermal units per hour 
= 0.293 kW, | inch= 25 mm, | foot = 304.8 mm, | pound-force per square 
inch = 6.8947 kPa, °C = (°F-32)/1.8, | inch mercury column = 3.39 kPa, 1 
inch water column = 0.249 kPa 


TABLE 1315.3 
Cr AND Y FOR NATURAL GAS AND UNDILUTED 
PROPANE AT STANDARD CONDITIONS 
[NFPA 54: TABLE 6.4.2] 


geet Ai) ~ FORMULA FACTORS 
GAS $i Ae 

| Cr y 

| Natural Gas ; 0.6094 0.9992 

Undiluted Propane 1.2462 0.9910 
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1315.4 Sizing of Piping Sections. To determine the size 
of each section of pipe in a system within the range of Table 
1315.2(1) through Table 1315.2(36), proceed as follows: 


(1) Measure the length of the pipe from the gas meter loca- 
tion to the most remote outlet on the system. 


(2) Select the length in feet column and row showing the dis- 
tance, or the next longer distance where the table does 
not give the exact length. 


(3) Starting at the most remote outlet, find in the just selected 
the gas demand for that outlet. Where the exact figure of 
demand is not shown, choose the next larger figure in the 
row. 


(4) At the top of the column in the table will be found the 
correct size of pipe. 


(5) Using this same row, proceed in a similar manner for 
each section of pipe serving this outlet. For each section 
of pipe, determine the total gas demand supplied by that 
section. Where gas piping sections serve both heating 
and cooling appliances and the installation prevents both 
units from operating simultaneously, the larger of the two 
demand loads needs to be used in sizing these sections. 


(6) Size each section of branch piping not previously sized by 
measuring the distance from the gas meter location to the 
most remote outlet in that branch and follow the proce- 
dures of steps 2, 3, 4, and 5 above. Size branch piping in 
the order of their distance from the meter location, begin- 
ning with the most distant outlet not previously sized. 


1315.5 Engineering Methods. For conditions other than 
those covered by Section 1315.1, such as longer runs or 
greater gas demands, the size of each gas piping system shall 
be determined by standard engineering methods acceptable 
to the Authority Having Jurisdiction, and each such system 
shall be so designed that the total pressure drop between the 
meter or other point of supply and an outlet where full 
demand is being supplied to outlets, shall be in accordance 
with the requirements of Section 1308.4. 


1315.6 Variable Gas Pressures. Where the supply gas 
pressure exceeds 5 psi (34 kPa) for natural gas and 10 psi (69 
kPa) for undiluted propane or is less than 6 inches (1.5 kPa) 
of water column, or where diversity demand factors are used, 
the design, pipe, sizing, materials, location, and use of such 
systems first shall be approved by the Authority Having Juris- 
diction. Piping systems designed for pressures exceeding the 
serving gas supplier’s standard delivery pressure shall have 
prior verification from the gas supplier of the availability of 
the design pressure. 
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FIGURE 1315.1.1 
EXAMPLE ILLUSTRATING USE OF TABLE 1308.4.1 AND TABLE 1315.2(1) 


Problem: Determine the required pipe size of each section and outlet of the piping system shown in Figure 1315.1.1. Gas to be 
used has a specific gravity of 0.60 and 1100 British thermal units (Btu) per cubic foot (0.0114 kWeh/L), delivered at 8 inch water 
column (1.9 kPa) pressure. 


® 450.000 Btu/h 
Furnace 
30 gallon 
O Automatic 
Six Water Heater 
4] 2 S 
Oo m n 
ie 
- is 
Section 3 Section2 Section 1 Q 
20 feet 10 feet 10 feet 
= oO 
& oO 
oO " SD 
® Si- we 
on 
eae fe Gas 
mig 
e Alo Refrigerator 
oO or 
Gas Meter 
@ 
Range 
y For SI units: 1 foot = 304.8 mm, | gallon = 3.785 L, 1000 British thermal units per hour = 0.293 kW, | cubic foot per hour = 0.0283 m/h 
Solution: 
(1) Maximum gas demand of Outlet A — 


(2) 
(3) 


| (4) 


32 cubic feet per hour (0.91 m*/h) (from Table 1308.4.1). 

Maximum gas demand of Outlet B — 

3 cubic feet per hour (0.08 m*/h) (from Table 1308.4.1). 

Maximum gas demand of Outlet C — 

59 cubic feet per hour (1.67 m?/h) (from Table 1308.4.1). 

Maximum gas demand of Outlet D — 

136 cubic feet per hour (3.85 m*/h) [150 000 Btu/hour (44 kW)] divided by 1100 Btu per cubic foot (0.0114 kWeh/L) 
The length of pipe from the gas meter to the most remote outlet (Outlet A) is 60 feet (18 288 mm). 

Using the length in feet column row marked 60 feet (18 288 mm) in Table 1315.2(1): 

Outlet A, supplying 32 cubic feet per hour (0.91 m?/h), requires 2 of an inch (15 mm) pipe. 

Section 1, supplying Outlets A and B, or 35 cubic feet per hour (0.99 m*/h) requires 4 of an inch (15 mm) pipe. 
Section 2, supplying Outlets A, B, and C, or 94 cubic feet per hour (2.66 m°*/h) requires *4 of an inch (20 mm) pipe. 
Section 3, supplying Outlets A, B, C, and D, or 230 cubic feet per hour (6.51 m*/h), requires | inch (25 mm) pipe. 
Using the column marked 60 feet (18 288 mm) in Table 1315.2(1): 

Outlet B supplying 3 cubic feet per hour (0.08 m*/h), requires 4 of an inch (15 mm) pipe. 

Outlet C, supplying 59 cubic feet per hour (1.67 m3/h), requires '4 of an inch (15 mm) pipe. 

Using the column marked 60 feet (18 288 mm) in Table 1315.2(1): 

Outlet D, supplying 136 cubic feet per hour (3.85 m*/h), requires */ of an inch (20 mm) pipe. 


2022 CALIFORNIA MECHANICAL CODE 277 


FUEL GAS PIPING 


TABLE 1315.2(1) & 
SCHEDULE 40 METALLIC PIPE [NFPA 54: TABLE 6.2.1(b)]'2 ; 
GAS: NATURAL 
INLET PRESSURE: | LESS THAN 2 psi 
PRESSURE DROP: 0.5 in. w.c. 
SPECIFIC GRAVITY: 0.60 
PIPE SIZE (inch) 
NOMINAL: % | % | 1 | % | 1% 2 2% | 3 4 5 6 8 10 12 
| ACTUAL ID: 0.622 | 0.824 | 1.049 | 1.380 | 1.610 2.067 2.469 3.068 4.026 5.047 6.065 7.981 10.020 11.938 
| oe | CAPACITY IN CUBIC FEET OF GAS PER HOUR 
10 172 | 360 | 678 | 1390 | 2090 | 4020 | 6400 | 11300 | 23 100 | 41 800 | 67.600 | 139.000 | 252 000 | 399 000 
20 118 | 247 | 466 | 957 | 1430 | 2760 | 4400 | 7780 | 15900 | 28 700 | 46500 | 95500 | 173 000 | 275 000 
30 | 95 | 199 | 374 | 768 | 1150 | 2220 | 3530 | 6250 | 12 700 | 23 000 | 37300 | 76700 | 139 000 | 220 000 
40 | 81 | 170 | 320 | 657 | 985 | 1900 | 3020 | 5350 | 10900 | 19700 | 31900 | 65600 | 119.000 | 189 000 
50 | 72 | 151 | 284 | 583 | 873 | 1680 | 2680 | 4740 | 9660 | 17500 | 28300 | 58200 | 106 000 | 167 000 | 
60 65 | 137 | 257 | 528 | 791 | 1520 | 2430 | 4290 | 8760 | 15800 | 25600 | 52700 | 95700 | 152000 
70 | 60 | 126 | 237 | 486 | 728 | 1400 | 2230 | 3950 | 8050 | 14600 | 23600 | 48500 | 88100 | 139000 
80 | 56 | 117 | 220 | 452 | 677 | 1300 | 2080 | 3670 | 7490 | 13600 | 22000 | 45100 | 81900 | 130000 
90 52 | 110 | 207 | 424 | 635 | 1220 | 1950 | 3450 | 7030 | 12 700 | 20600 | 42300 | 76900 | 122000 
a4 100esoeS0zale LOdr ad 25 400 | 600 | 1160 | 1840 | 3260 | 6640 | 12000 | 19500 | 40000 | 72600 | 115 000 
125 | 44 | 92 | 173 | 355 | 532 | 1020 | 1630 | 2890 | 5890 | 10600 | 17200 | 35400 | 64300 | 102000 
150. | 40 | 83 | 157 1° 322") 482 | 928 * H480 | 2610 | 5330 | 9650 | 15.6007 32 100 | 58.300, | 92 300 
| 175 | 37 | 77 | 144 | 296 | 443 | 854 | 1360 | 2410 | 4910 | 8880 | 14400 | 29500 | 53600 | 84900 
200 | 34 | 71 | 134 | 275°) 4fo"") “794-1\0270 | 2240°)"4560 08260 “1°13 4007)" 27550049 S00 79 000 
250 | 30 | 63 | 119 | 244 | 366° | 704) | "1120 | 19sOme40sOy Ie 7220 _11 900 24300 | 44200 | 70000 
300 | 27 | 57 | 108 | 221 | 331 | 638 | 1020 | 1800 | 3670 | 6630 | 10700 | 22100 | 40100 | 63 400 e 
350 25 | 53 | 99 | 203 | 305 | 587 | 935 | 1650 | 3370 | 6100 | 9880 | 20300 | 36900 | 58400 
400 | 23 | 49 | 92 | 189 | 283 | 546 | 870 | 1540 | 3140 | 5680 | 9190 | 18900 | 34300 | 54300 
450 | 22 | 46 | 86 | 177 | 266 | 512 | 816 | 1440 | 2940 | 5330 | 8620 | 17700 | 32200 | 50900 
| 500 | 21 | 43 | 82 | 168 | 251 | 484 | 771 | 1360 | 2780 | 5030 | 8150 | 16700 | 30400 | 48100 
550 20 | 41 | 78 | 159 | 239 | 459 | 732 | 1290 | 2640 | 4780 | 7740 | 15900 | 28900 | 45700 
600 19 | 39 | 74 | 152 | 228 | 438 | 699 | 1240 | 2520 | 4560 | 7380 | 15200 | 27500 | 43600 
650, |. 18 | 38 Ie 71 1145. | 218 | 420°] 669 | TI8O°1°2410" 14360" 7070 14 5008) 26.400 41 200 
700 +| 17 | 36 | 68 | 140 | 209 | 403 | 643 | 1140 | 2320 | 4190 | 6790 | 14000 | 25300 | 40100 
750 | 17 | 35 | 66 | 135 | 202 | 389 | 619 | 1090 | 2230 | 4040 | 6540 | 13400 | 24400 | 38600 
800 LGM Sates 130 | 195 | 375 | 598 | 1060 | 2160 | 3900 | 6320 | 13000 | 23600 | 37300 
850 wostredés Wes3utie 64 126 | 189 | 363 | 579 | 1020 | 2090 | 3780 | 6110 | 12600 | 22800 | 36100 
900 Sh Bo SO 102 TRS, ee sea SG | 992 | 2020 | 3660 | 5930 | 12200 | 22100 | 35000 
050 | IS 1 Ot | oe tee 17a beeae ash ds 963 1960 | 3550 | 5760 | 11800 | 21500 | 34000 
1000°%. leat | 30.) OSS pada Soy 11 79ND 33H 580 937 1910 | 3460 | 5600 | 11500 | 20900 | 33100 
1100 LAdahe28vith 33 109 | 164 | 316 | 503 890 1810 | 3280 | 5320 | 10900 | 19800 | 31400 
1200. eer ae 104 | 156 | 301 480 849 1730 | 3130 | 5070 | 10400 | 18900 | 30000 
1300 12,1726 | 49-7) TOO 1 050 enor, 400 813 1660 | 3000 | 4860 9980 | 18100 | 28700 
1400 {Doe SOUS a7 96 144 | 277 | 442 781 1590 | 2880 | 4670 9590 | 17400 | 27600 
[S00 | Ipc Lotgiperaharyl 145 93, 139 | 267 | 426 152 1530 | 2780 | 4500 9240 | 16800 | 26600 
1600 1h HOG 4 dae So 134 | 258 | 411 (om) 1480 | 2680 | 4340 8920 | 16200 | 25600 
L700:olulon 22. | 42 86. |. 130. |. 2504) '.398 703 1430 | 2590 | 4200 8630 | 15700 | 24800 
1800, “TOR 22 rae 84 126 | 242 | 386 682 1390 | 2520 | 4070 8370 | 15200 | 24100 
1900 10° 21 ap 81 122) 205 sees 662 1350 | 2440 | 3960 8130 | 14800 | 23 400 
2000 | NA | 20 | 39 79 119 | 229 | 364 644 | 1310 | 2380 | 3850 7910 | 14400 | 22700 


For SI units: | 
Notes: 


inch = 25 mm, | foot = 304.8 mm, 1 cubic foot per hour = 0.0283 m*/h, 1 pound-force per square inch = 6.8947 kPa, | inch water column = 0.249 kPa 


| Table entries are rounded to 3 significant digits. 
2 NA means a flow of less than 10 ft?/h (0.283 m>/h). 
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FUEL GAS PIPING 


ag) TABLE 1315.2(2) 
SCHEDULE 40 METALLIC PIPE [NFPA 54: TABLE 6.2.1(c)]* 
| GAS: | NATURAL 
| INLET PRESSURE: | LESS THAN 2 psi 
PRESSURE DROP: |3.0in.w.c. 
SPECIFIC GRAVITY: | 0.60 
INTENDED USE: INITIAL SUPPLY PRESSURE OF 8.0 IN. W.C. OR GREATER 
PIPE SIZE (inch) 
NOMINAL: % % 1 1% 1% 2 2% -— —T 4 
ACTUAL ID: 0.622 | 0824 | 1049 | 1.380 1.610 2.067 2.469 | 3.068 4.026 
yy CAPACITY IN CUBIC FEET OF GAS PER HOUR 

10 454 949 1790 3670 5500 10 600 16 900 29 800 60 800 

20 312 652 1230 2520 3780 7280 11 600 20 500 41 800 

30 250 524 986 2030 3030 5840 9310 16 500 33 600 

40 214 448 844 1730 2600 5000 7970 14 100 28 700 

50 190 397 748 1540 2300 4430 7060 12 500 25 500 

60 172 360 678 1390 2090 4020 6400 11 300 23 100 

70 158 Bail 624 1280 1920 3690 5890 10 400 21 200 

80 147 308 580 1190 1790 3440 5480 9690 19 800 

90 138 289 544 1120 1670 3230 5140 9090 18 500 

100 131 273 514 1060 1580 3050 4860 8580 17 500 

125 116 | 242 456 936 1400 | 2700 4300 7610 15 500 

150 105 219 413 848 1270 2450 3900 6890 14 100 

We) 96 202 380 780 1170 2250 3590 6340 12 900 

> 200 90 188 353 726 1090 2090 3340 5900 12 000 

250 80 166 313. | 643 964 1860 2960 5230 10700 

300 v2; 151 284 583 873 1680 2680 4740 9660 

350 66 139 261 536 803 1550 2470 4360 8890 

400 62 129 243 499 747 1440 2290 4050 8270 

450 58 121 228 468 701 1350 2150 3800 7760 

500 55 | 114 215 442 662 1280 2030 3590 7330 

550 52 109 204 420 629 1210 1930 3410 6960 

600 50 104 195 400 600 1160 1840 3260 6640 

650 47 99 187 384 SY) 1110 1760 3120 6360 

700 46 95 179 368 $52 1060 1690 3000 6110 

750 44 92 173 355 532 1020 1630 2890 5890 

800 42 89 167 343 514 989 1580 2790 5680 

850 41 86 162 332 497 957 1530 2700 5500 

900 40 83 157 322 482 928 1480 2610 5330 

950 39 81 152 312 468 901 1440 2540 5180 

1000 38 79 148 | 304 455 877 1400 | 2470 | 5040 

1100 36 as 141 289 432 833 1330 2350 4780 

1200 34 71 134 DiS 412 794 1270 2240 4560 

1300 33 68 128 264 395 761 1210 2140 4370 

1400 31 65 123 253 379 731 1160 2060 4200 
op | aoc | 063 119 244 366 704 1120. | 1980 | 4050 

1600 29 61 115 236 353 680 1080 1920 3910 

1700 28 59 111 228 342 658 1050 1850 3780 

1800 27 57 108 221 331 638 1020 1800 3670 

» 1900 27 56 105 215 322 619 987 1750 | 3560 

. 2000 26 54 102 209 313 602 960 1700 3460 


For SI units: 1 inch = 25 mm, 1 foot = 304.8 mm, 1 cubic foot per hour = 0.0283 m*/h, | pound-force per square inch = 6.8947 kPa, | inch water column = 0.249 kPa 
* Table entries are rounded to 3 significant digits. 


2022 CALIFORNIA MECHANICAL CODE 279 


FUEL GAS PIPING 


TABLE 1315.2(3) é 
SCHEDULE 40 METALLIC PIPE [NFPA 54: TABLE 6.2.1(d)]* 
my [AUT ad GAS: | NATURAL : 
INLET PRESSURE: LESS THAN 2 psi 
PRESSURE DROP: |6.0 in. w.c. 
|___ SPECIFIC GRAVITY: |0.60 Rea: 
INTENDED USE: INITIAL SUPPLY PRESSURE OF 11.0 IN. W.C. OR GREATER 
i an ned 4 PIPE SIZE (inch) alt 3 
NOMINAL: Yp % 1 1% 1% 2 2% 3 4 
ACTUAL ID: 0.622 0.824 1.049 1.38 1.61 2.067 2.469 3.068 4.026 
rk CAPACITY IN CUBIC FEET OF GAS PER HOUR 
| Oe || Reeor 1380 2600 5340 8000 15 400 24 600 43 400 88 500 
| 20 454 949 1790 3670 5500 10 600 16 900 29 800 60 800 
| 30 364 762 1440 2950 4410 8500 13 600 24 000 48 900 
40 Bi? 652 1230 2520 3780 7280 11 600 20 500 41 800 
50 _ 276 578 1090 2240 3350 6450 10 300 18 200 37 100 
60 250 524 986 2030 3030 5840 9310 16 500 33 600 
70 230 482 907 1860 2790 5380 8570 15 100 30 900 
80 214 448 844 1730 2600 5000 7970 14 100 28 700 
90 201 420 792 1630 2440 4690 7480 13 200 27 000 
100 190 397 748 1540 2300 4430 7060 | 12500 | 25500 
125 168 sy 663 1360 2040 3930 6260 11 100 22 600 
150 153 319 601 1230 1850 3560 5670 10 000 20 500 
IWs 140 293 553 1140 1700 3270 5220 9230 18 800 
200 131 DAS 514 1056 1580 3050 4860 8580 17 500 
250 116 242 456 936 1400 2700 4300 | 7610 15 500 
300 105 219 413 848 1270 2450 3900 6890 14 100 
350 96 202 380 780 1170 2250 3590 6340 12 900 
400 90 188 353 726 1090 2090 3340 5900 12 000 
450 84 176 332 681 1020 1960 3130 5540 11 300 
| 500 J 80 166 313 643 964 1860 2960 5230 10 700 
550 76 158 297 611 915 1760 2810 4970 10 100 
600 72 151 284 583 873 1680 2680 4740 9660 
650 69 144 272 558 836 1610 2570 4540 9250 
700 66 139 261 536 803 1550 2470 4360 8890 
| 750 64 134 252 516 774 1490 2380 | 4200 8560 
800 62 129 243 | 499 747 1440 2290 4050 8270 
850 60 125 235 483 723 1390 2220 3920 8000 
900 58 121 228 468 701 1350 2150 3800 7760 
950 56 118 221 454 681 1310 2090 3690 7540 
— 1000 — 035 114 DAS 442 662 1280 2030 3590 7330 
1100 De 109 204 420 629 1210 1930 3410 6960 
/ 1200 50 104 195 400 600 1160 1840 3260 6640 
| 1300 47 99 187 384 aD 1110 1760 3120 6360 
1400 46 95 179 368 552 1060 1690 3000 6110 
1500 44 92 173 355 532 1020 1630 2890 5890 
1600 42 89 167 343 514 989 1580 2790 5680 
1700 41 86 162 332 497 957 1530 2700 5500 
1800 40 83 157 522 482 928 1480 2610 5330 
1900 39 81 152 a12 468 901 1440 2540 5180 
2000 38 79 148 304 455 877 1400 2470 5040 


For SI units: 1 inch = 25 mm, | foot = 304.8 mm, | cubic foot per hour = 0.0283 m/h, 1 pound-force per square inch = 6.8947 kPa, 1 inch water column = 0.249 kPa 
* Table entries are rounded to 3 significant digits. 


280 2022 CALIFORNIA MECHANICAL CODE 


FUEL GAS PIPING 


®& TABLE 1315.2(4) 
SCHEDULE 40 METALLIC PIPE [NFPA 54: TABLE 6.2.1(e)]* 
GAS: | NATURAL 
INLET PRESSURE: 2.0 psi | 
PRESSURE DROP: | 1.0 psi / 
SPECIFIC GRAVITY: |0.60 | 
PIPE SIZE (inch) 
NOMINAL: % | % 1 1% 1% 2 2% 3 | 4 

ACTUAL ID: 0.622 0.824 1049 | 1.380 1.610 2.067 2.469 3.068 4.026 
rn 7 CAPACITY IN CUBIC FEET OF GAS PER HOUR | 

10 1510 3040 5560 11 400 17 100 32 900 52 500 92 800 189 000 

20 1070 2150 3930 8070 12 100 23 300 37 100 65600 | 134000 

30 869 1760 3210 6590 9880 19 000 30 300 53 600 109 000 

40 753 1520 2780 5710 8550 16 500 26 300 46 400 94 700 

50 673 1360 2490 5110 7650 14 700 23 500 41 500 84 700 

60 615 1240 2270 4660 6980 13 500 21 400 37900 | 77300 

70 569 1150 2100 4320 6470 12 500 19 900 35 100 71 600 

80 532) 1080 1970 4040 6050 11 700 18 600 32 800 67 000 

90 502 1010 1850 3810 5700 11 000 17500 | 30900 63 100 

| 100 462 934 1710 3510 5260 10 100 16 100 28 500 58 200 

125 414 : 836 1530 3140 4700 9060 14 400 25 500 52 100 

150 372 FIM 1370 2820 4220 8130 13000 |; 22900 | 46700 

175 344 695 1270 2601 3910 7530 12 000 21 200 43 300 
200 318 642 1170 2410 3610 6960 11 100 19 600 | 40 000 | 
250 279 583 1040 2140 3210 6180 9850 17400 | 35500 | 

300 253 528 945 1940 2910 5600 8920 15 800 32 200 

350 232 486 869 1790 2670 5150 8210 14.500 29 600 

400 216 452 809 1660 2490 4790 7640 13 500 27 500 

450 203 424 759 1560 2330 4500 7170 12 700 25 800 

500 192 401 17 1470 2210 4250 6770 12000 | 24400 

550 182 381 681 1400 2090 4030 6430 11400 | 23200 

600 174 363 650 1330 2000 3850 6130 10 800 22 100 

650 166 348 622 1280 1910 3680 5870 10400 | 21200 

700 160 334 598 1230 1840 3540 5640 9970 20 300 

750 154 B22 576 1180 1770 3410 5440 9610 19 600 

800 149 Syl 556 1140 1710 3290 5250 9280 | 18900 

850 144 301 538 1100 1650 3190 5080 8980 | 18300 

900 139 292 Sy 1070 1600 3090 4930 8710 17 800 
950 135 283 507 1040 1560 3000 4780 8460 | DA7200 | 
1000 132 215 493 1010 1520 2920 4650 8220 | 16800 | 

1100 125 262 468 960 1440 2770 4420 7810 15 900 

1200 119 250 446 917 1370 2640 4220 7450 15 200 

1300 114 239 427 878 1320 2530 4040 7140 14 600 

1400 110 230 411 843 1260 2430 3880 6860 14 000 
aes 1500 106 DD 396 812 1220 2340 3740 6600 13 500 | 
1600 102 214 382 784 1180 2260 3610 6380 i BS000. | 
1700 99 207 370 759 1140 2190 3490 6170 12 600 | 

1800 96 200 358 736 1100 2120 3390 5980 12 200 
1900 93 195 348 TAS 1070 2060 3290 5810 11900 | 
2000 91 189 339 695 1040 2010 3200 5650 | 11500 _ 


For SI units: 1 inch = 25 mm, | foot = 304.8 mm, | cubic foot per hour = 0.0283 m°/h, 1 pound-force per square inch = 6.8947 kPa 
* Table entries are rounded to 3 significant digits. 
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FUEL GAS PIPING 


TABLE 1315.2(5) € 
SCHEDULE 40 METALLIC PIPE [NFPA 54: TABLE 6.2.1(f)]* 


GAS: NATURAL 
INLET PRESSURE: |3.0 psi | 
PRESSURE DROP: |2.0 psi 
SPECIFIC GRAVITY: | 0.60 
PIPE SIZE (inch) 
NOMINAL: % % 1 1% 1% 2 2% 3 4 
ACTUAL ID: 0.622 0.824 1.049 1.380 1.610 2.067 2.469 3.068 4.026 
yee ; CAPACITY IN CUBIC FEET OF GAS PER HOUR 
10 2350 4920 9270 19 000 28 500 54 900 87 500 155 000 316 000 
20 1620 3380 6370 13 100 19 600 37 700 60 100 106 000 217 000 
30 1300 2720 5110 10 500 15 700 30 300 48 300 85 400 174 000 
40 1110 2320 4380 8990 13 500 25 900 41 300 73 100 149 000 
50 985 2060 | 3880 7970 11 900 23 000 36 600 64 800 132 000 
60 892 1870 3520 7220 10 800 20 800 33 200 58 700 120 000 
70 821 1720 3230 6640 9950 19 200 30 500 54 000 110 000 
80 764 1600 3010 6180 9260 17 800 28 400 50 200 102 000 
90 TL 1500 2820 5800 8680 16 700 26 700 47 100 96 100 
100 677 1420 1 2670 5470 8200 15 800 25 200 44 500 90 800 
125 600 1250 2360 4850 7270 14 000 22 300 39 500 80 500 
150 544 1140 2140 4400 6590 12 700 20 200 35 700 72 900 
175 500 1050 1970 4040 6060 11 700 18 600 32 900 67 100 
200 465 973 1830 3760 5640 10 900 17 300 30 600 62 400 
250 412 | 862 1620 3330 5000 9620 15 300 27 100 55 300 
300 374 781 1470 3020 4530 8720 | 13 900 24 600 50 100 
350 344 719 1350 2780 4170 8020 12 800 22 600 46 100 
400 320 669 1260 2590 3870 7460 11 900 21 000 42 900 
450 300 627 1180 2430 3640 7000 11 200 19 700 40 200 
500 283 593 1120 2290 3430 6610 10 500 18 600 38 000 
550 269 | 563 1060 2180 3260 6280 10 000 17 700 36 100 
600 257 537 1010 2080 3110 5990 9550 16 900 34 400 
650 246 514 969 1990 2980 5740 9150 16 200 33 000 
700 236 494 931 1910 2860 5510 8790 15 500 31 700 
750 228 476 897 1840 2760 5310 8470 15 000 | 30 500 
800 220 460 866 1780 2660 5130 8180 14 500 29 500 
850 213 445 838 1720 2580 4960 7910 14 000 28 500 
900 206 431 812 1670 2500 4810 7670 13 600 27 700 
950 200 419 789 1620 2430 4670 7450 13 200 26 900 
1000 195 407 767 1580 2360 4550 7240 12 800 26 100 
1100 185 387 729 1500 2240 4320 6890 12 200 ii 24 800 
1200 PIT 369 695 1430 2140 4120 6570 11 600 23 700 
1300 169 353 666 1370 2050 3940 6290 11 100 22 700 
1400 162 340 640 1310 1970 3790 6040 10 700 21 800 
| 1500 | 156 327 616 1270 | 1900 | 3650 5820 10300 | 21.000 
1600 151 316 595 1220 1830 3530 5620 10 000 20 300 
1700 146 306 576 1180 1770 3410 5440 9610 19 600 
1800 142 296 558 1150 1720 3310 5270 9320 19 000 
1900 138 288 542 1110 1670 3210 5120 9050 18 400 
£ 2000 134 280 S2i) 1080 1620 3120 4980 8800 18 000 


For SI units: 1 inch = 25 mm, | foot = 304.8 mm, 1| cubic foot per hour = 0.0283 m°/h, 1 pound-force per square inch = 6.8947 kPa 
* Table entries are rounded to 3 significant digits. 
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TABLE 1315.2(6) 
SCHEDULE 40 METALLIC PIPE [NFPA 54: TABLE 6.2.1(g)]* 
’ GAS: | NATURAL 
INLET PRESSURE: |5.0 psi 
PRESSURE DROP: 3.5 psi 
SPECIFIC GRAVITY: | 0.60 / 
PIPE SIZE (inch) 
NOMINAL: % % 1 1% 1% 2 2%, 3 | 4 | 
ACTUAL ID: 0.622 0.824 1.049 1.380 1.610 2.067 2.469 3.068 | 4.026 } 
eal CAPACITY IN CUBIC FEET OF GAS PER HOUR | 
10 3190 6430 11 800 24 200 36 200 69 700 111 000 196 000 401000 | 
20 2250 4550 8320 17 100 25 600 49 300 78 600 139 000 283 000 
30 1840 3720 6790 14 000 20 900 40 300 64 200 113 000 231 000 
40 1590 3220 5880 12 100 18 100 34 900 55 600 98 200 200 000 
50 1430 2880 5260 10 800 | 16 200 31 200 49 700 87 900 179 000 
60 1300 2630 4800 9860 14 800 28 500 45 400 80 200 164 000 
70 1200 2430 4450 9130 13 700 26 400 42 000 | 74300 =| 151000 
80 1150 2330 4260 8540 12 800 24 700 39 300 69500 | 142000 
90 1060 2150 3920 8050 12 100 23 200 37 000 65 500 134000 | 
100 979 1980 3620 7430 11 100 21 400 34 200 60 400 123000 | 
125 876 1770 3240 6640 9950 19 200 30 600 54 000 110 000 
150 786 1590 2910 5960 8940 17 200 27 400 48 500 98 900 
iD 728 1470 2690 5520 8270 15 900 25 400 44 900 91 600 
200 673 1360 2490 5100 7650 14 700 23 500 41 500 84 700 
250 558 1170 2200 4510 6760 13 000 20 800 36 700 74 900 
300 506 1060 1990 4090 6130 11 800 18 800 33 300 67 800 
350 465 973 1830 3760 5640 10 900 17 300 30 600 62 400 
400 433 905 1710 3500 5250 10 100 16 100 28 500 58 100 
450 406 849 1600 3290 4920 9480 15 100 26 700 54 500 
500 384 802 1510 3100 4650 8950 14 300 25 200 51 500 
550 364 762 1440 2950 4420 8500 13 600 24 000 48 900 
600 348 +08 1370 2810 4210 8110 12 900 22 900 46 600 
650 333 696 1310 2690 4030 TG 12 400 21 900 44 600 
700 320 669 1260 2590 3880 7460 11 900 21 000 42 900 | 
750 308 | 644 1210 2490 3730 7190 11 500 20 300 41300 | 
800 298 622 1170 2410 3610 6940 11 100 19 600 39 900 
850 288 602 1130 2330 3490 6720 10 700 18 900 38 600 
900 279 584 1100 2260 3380 6520 10 400 18 400 37 400 
950 271 567 1070 2190 3290 6330 10 100 17 800 36 400 
1000 264 Soil 1040 2130 3200 6150 9810 17 300 35 400 
1100 250 524 987 2030 3030 5840 9320 16 500 | 33600 | 
1200 239 500 941 1930 2900 5580 8890 15 700 32000 | 
1300 229 478 901 1850 2770 5340 8510 15 000 30 700 
1400 220 460 866 1780 2660 5130 8180 14 500 29 500 
1500 oN 443 834 1710 2570 4940 7880 £3:900 "yg 28.400 |] 
1600 205 428 806 1650 2480 4770 7610 13400 | 27400 | 
1700 198 414 780 1600 2400 4620 7360 13 000 26 500 
1800 192 401 756 1550 2330 4480 7140 12 600 25 700 
1900 186 390 734 1510 2260 4350 6930 12 300 25000 | 
2000 181 | 379 714 1470 2200 sa! 4230 6740 | 11900 24300 | 
For SI units: 1 inch = 25 mm, 1 foot = 304.8 mm, | cubic foot per hour = 0.0283 m*/h, | pound-force per square inch = 6.8947 kPa 
* Table entries are rounded to 3 significant digits. 
2022 CALIFORNIA MECHANICAL CODE 283 


FUEL GAS PIPING 


TABLE 1315.2(7) & 
SEMI-RIGID COPPER TUBING [NFPA 54: TABLE 6.2.1(h)]"*2 


GAS: | NATURAL 
INLET PRESSURE: | LESS THAN 2 psi 
PRESSURE DROP: |0.3 in. w.c. 
SPECIFIC GRAVITY: | 0.60 
TUBE SIZE (inch) 
K&L: Vo % Ya % Yo 1 1% 1% 74 
NOMINAL: : = 7 : : x 
ACR: Ye "a % Yo 1% 1% - - 
OUTSIDE: 0.375 0.500 0.625 0.750 0.875 1.125 1.375 1.625 2.125 
INSIDE:° 0.305 0.402 0.527 | 0.652 0.745 | 0.995 1.245 1.481 1.959 
LENGTH (feet) CAPACITY IN CUBIC FEET OF GAS PER HOUR 

10 20 42 85 148 210 448 806 1270 2650 
20 14 29 58 102 144 308 554 873 1820 
30 1 23 47 82 116 247 445 701 1460 
40 10 20 40 70 99 211 381 600 1250 
50 | NA 17 35 62 88 187 337, 532 1110 
60 NA 16 32 56 79 170 306 482 1000 

70 NA 14 29 52 73 156 281 443 924 

80 NA 13 27 48 68 145 262 413 859 

90 NA 13 26 45 64 136 245 387 806 
100 NA 12 24 43 60 129 232. | 366 761 
125 NA 11 22 38 53 114 206 324 675 
150 NA 10 20 34 48 103 186 294 612 
175 NA NA 18 31 45 95 171 270 563 
200 NA NA 17 29 41 89 159 251 523 

! 250 NA NA 15 26 37 78 141 223 464 
300 NA NA 13 23 33 71 128 202 420 
350 NA NA 12 22 31 65 118 186 387 
400 NA NA 11 20 28 61 110 173 360 
450 NA NA 1 19 a 57 103 162 338 
500 NA NA 10 18 25 54 97 153 319 
550 NA NA NA 17 24 51 92 145 303 
600 NA NA NA 16 23 49 88 139 289 
650 NA NA NA 15 22 47 84 133 277 
700 NA NA NA 15 21 45 81 128 266 
750 _NA NA NA 14 20 43 78 Ve 256 
800 NA NA NA 14 20 42 75 119 247 
850 NA NA NA 13 19 40 73 115 239 
900 NA NA NA 13 18 39 71 111 232 
950 NA NA NA 13 18 38 69 108 225 

: 1000 NA NA NA 12 17 37 67 | |. Paes 219 
1100 NA NA NA 12 16 35 Sie ne 208 
1200 NA NA NA 1 16 34 60 95 199 
1300 NA NA NA 11 15 32 58 91 190 
1400 NA NA NA 10 14 31 56 88 183 

L 1500 | _NA NA NA | NA 14 30 54 84 176 
1600 NA NA NA NA 13 29 52 82 170 
1700 NA NA NA NA 13 28 50 79 164 
1800 NA NA NA NA 13 27 49 77 159 
1900 NA NA NA NA 12 26 47 74 155 
2000 NA NA NA NA 12 25 46 72 151 


For SI units: 1 inch = 25 mm, | foot = 304.8 mm, | cubic foot per hour = 0.0283 m°?/h, 1 pound-force per square inch = 6.8947 kPa, | inch water column = 0.249 kPa 


Notes: 


' Table entries are rounded to 3 significant digits. 


2 NA means a flow of less than 10 ft?/h (0.283 m?/h). 


3 Table capacities are based on Type K copper tubing inside diameter (shown), which has the smallest inside diameter of the copper tubing products. 
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> TABLE 1315.2(8) 


- SEMI-RIGID COPPER TUBING [NFPA 54: TABLE 6.2.1(i)]": 2 


GAS: | NATURAL 
INLET PRESSURE: LESS THAN 2 psi 
PRESSURE DROP: |0.5 in. w.c. 
| SPECIFIC GRAVITY: 0.60 
| TUBE SIZE (inch) 
K&L: "% % % % % 1 1% 1% 2 
NOMINAL: 1 | = 
% % % % % 1% 1% = é 
OUTSIDE: 0.375 0.500 0.625 0.750 0.875 4.125 1.375 1.625 2.125 
INSIDE:? 0.305 0.402 0.527 0.652 0.745 0.995 1.245 1.481 1.959 
LENGTH (feet) CAPACITY IN CUBIC FEET OF GAS PER HOUR 
10 Dy 55 111 195 276 590 1060 1680 3490 
20 18 38 Wal 134 190 406 730 1150 2400 
30 i) 30 61 107 152 326 586 925 1930 
40 13 26 53 92 131 279 502 791 1650 
50 i} 23 47 82 116 247 445 701 1460 
60 10 21 42 74 105 224 403 635 1320 
70 NA 19 39 68 96 206 371 585 1220 
80 NA 18 36 63 90 192 345 544 1130 
90 NA V9 34 59 84 180 324 510 1060 
100 | NA 16 32 56 719 170 306 482 1000 
125 NA 14 28 50 70 151 271 427 890 
150 NA 13 26 45 64 136 245 387 806 
175 NA 12 24 41 59 125 226 356 742 
200 NA 11 22 39 35) 117 210 331 690 
> 250 | NA NA 20 34 48 103 186 ; 294 612 
300 NA NA 18 31 44 94 169 266 554 
350 NA NA 16 28 40 86 1/595) 245 510 
400 NA NA 15 26 38 80 144 228 474 
450 NA NA 14 25 35 75 135 214 445 | 
500 NA NA 13 23 33 71 128 202 420 | 
550 NA NA 18 22 32 68 D2 192 399 
600 NA NA 12 Bl 30 64 116 183 381 
650 NA NA 12 20 29 62 1 Lz 365 
700 NA NA 11 20 28 59 107 168 350 
750 NA NA 11 19 27 yy 103 162 338 
800 NA NA 10 18 26 55 99 [ 156 326 
850 NA NA 10 18 25 53 96 151 315 
900 NA NA NA 17 24 Sy) 93 147 306 
950 NA NA NA 17 24 50 90 143 297 
1000 NA NA NA 16 23 49 BB AM | 139 289 
1100 NA NA NA 15 2D) 46 84 132 274 
1200 NA NA NA 16s) 21 44 80 126 262 
1300 NA NA NA 14 20 42 76 120 o> 
1400 NA NA NA 13 19 41 wR) 116 241 
1500 NA NA NA at |) 13 18 39 Tl aw tf 06232 
1600 NA NA NA 13 18 38 68 108 224 
1700 NA NA NA 12 Ny 37 66 104 2 NT 
1800 NA NA NA 12 17 36 64 101 210 
1900 NA NA NA ay 16 55 62 98 204 
2000 NA NA NA i" 16 34 60 95 | 199 


For SI units: 1 inch = 25 mm, | foot = 304.8 mm, | cubic foot per hour = 0.0283 m*/h, 1 pound-force per square inch = 6.8947 kPa, | inch water column = 0.249 kPa 
Notes: 
: ' Table entries are rounded to 3 significant digits. 


2 NA means a flow of less than 10 ft?/h (0.283 m*/h). 
3 Table capacities are based on Type K copper tubing inside diameter (shown), which has the smallest inside diameter of the copper tubing products. 
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TABLE 1315.2(9) 
SEMI-RIGID COPPER TUBING [NFPA 54: TABLE 6.2.1(j)]'’ 2 
GAS: NATURAL 
INLET PRESSURE: | LESS THAN 2 psi 
PRESSURE DROP: | 1.0 in. w.c. 
SPECIFIC GRAVITY: | 0.60 
INTENDED USE: TUBE SIZING BETWEEN HOUSE LINE REGULATOR AND THE APPLIANCE 
TUBE SIZE (inch) 
K&L: Yq % % % %, 1 1% 1% 2 
| NOMINAL: 
— ACR: x% % % | x, % 1% 1% = - 
OUTSIDE: 0.375 0.500 0.625 0.750 0.875 1.125 1.375 1.625 2.125 
INSIDE:? 0.305 0.402 0.527 0.652 0.745 0.995 1.245 1.481 1.959 
LENGTH (feet) CAPACITY IN CUBIC FEET OF GAS PER HOUR 
10 39 80 162 283 402 859 1550 2440 5080 
20 27 55 111 195 276 590 1060 1680 3490 
30 21 44 89 156 222 474 853 1350 2800 
40 18 38 vi] 134 190 406 730 1150 2400 
___06¢ 60 16 33 68: 80h 119 168 £359 647 1020" | 02130 
| 60 15 30 61 107 152 326 586 gost | 1930 
| 70 13 28 Si 99 140 300 539 851 1770 
80 13 26 53 92 131 279 502 791 1650 
90 12 24 49 86 122 262 471 742 1550 
b 100 ul 23 47 82 116 247 445 701 1460 
125 NA 20 41 72 103 219 394 622 1290 
150 NA 18 37 65 93 198 357 563 1170 
175 NA 17 34 60 85 183 329 518 1080 
200 NA 16 32 56 79 170 306 482 1000 
250 NA 14 28 50 70 ISLA. 271 427 890 
300 NA 13 26 45 64 136 245 387 806 
350 NA 12 24 4] 59 125 226 356 742 
400 NA 11 22 39 55 107 210 331 690 
450 NA 10 21 36 51 110 197 311 647 
: 500 NA NA 20 34 48 103 186 294 612 
550 NA NA 19 32 46 98 177 279 581 
600 NA NA 18 31 44 94 169 266 554 
650 NA NA 17 30 42 90 162 255 531 
700 NA NA 16 28 40 86 155 245 510 
750 NA NA TON Asc? 39 83 150 236 491 
800 NA NA 15 26 38 80 144 228 474 
850 NA NA 15 26 36 78 140 220 459 
900 NA NA 14 DS 35 75 135 214 445 
950 NA NA 14 24 34 73 132 207 432 
1000 NA NA 13 23 33 11 128 202° 420 
1100 NA NA 13 22 32 68 122 192 399 
1200 NA NA 12 21 30 64 116 183 381 
1300 NA NA 12 20 29 62 111 175 365 
1400 NA NA 11 20 28 59 107 168 350 
1500 NA NA 11 19 25 57 103 162 338 
1600 NA NA 10 18 26 55 99 156 326 
1700 NA NA 10 18 25 53 96 151 315 
1800 NA NA NA 17 24 52 93 147 306 
1900 NA NA NA 17 24 50 90 143 297 
2000 NA NA NA 16 23 49 88 139 289 


For SI units: 1 inch = 25 mm, | foot = 304.8 mm, | cubic foot per hour = 0.0283 m/h, | pound-force per square inch = 6.8947 kPa, | inch water column = 0.249 kPa 


Notes: 


Table entries are rounded to 3 significant digits. 


1 
> NA means a flow of less than 10 ft3/h (0.283 m?/h). 
3 


Table capacities are based on Type K copper tubing inside diameter (shown), which has the smallest inside diameter of the copper tubing products. 
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2022 CALIFORNIA MECHANICAL CODE 


FUEL GAS PIPING 


= TABLE 1315.2(10) 
- SEMI-RIGID COPPER TUBING [NFPA 54: TABLE 6.2.1(k)]? 
GAS: | NATURAL 
INLET PRESSURE: | LESS THAN 2 psi 
PRESSURE DROP: | 17.0 in. w.c. 
SPECIFIC GRAVITY: | 0.60 
TUBE SIZE (inch) 
K & L: Yo % "a % Ys 1 1% 1% 2 
NOMINAL: = SS — 
ACR: % , % a7 % 1% 1% - = 
OUTSIDE: 0.375 0.500 | 0.625 0.750 0.875 1.125 1.375 1.625 2.125 
INSIDE:! | 0.305 0.402 0.527 0.652 0.745 0.995 1.245 1.481 | 1.959 
LENGTH (feet) CAPACITY IN CUBIC FEET OF GAS PER HOUR 
10 190 391 796 1390 1970 4220 7590 12000 | 24900 
20 130 269 547 956 1360 2900 5220 8230 17 100 
30 105 216 439 768 1090 2330 4190 6610 13 800 
40 90 185 376 657 932 1990 3590 5650 11 800 
50 79 164 333 582 826 1770 3180 5010 10400 
60 72 148 302 528 749 1600 2880 4540 9460 
70 66 137 278 486 689 1470 2650 4180 8700 
80 62 127 258 452 641 1370 2460 3890 8090 
90 58 119 243 424 601 1280 2310 3650 7590 
100 =p) 113 229 400 568 1210 | 2180 3440 7170 
125 48 100 203 355 503 1080 | 1940 3050 6360 
150 44 90 184 321 456 974 1750 2770 5760 
175 40 83 169 296 420 896 1610 2540 5300 
200 38 Jad 157 275 390 834 1500 2370 4930 
> 250 33 69 140 244 346 7139 1330 2100 4370 
300 30 62 126 pid 313 670 1210 1900 3960 
350 28 57 116 203 288 616 1110 1750 3640 
400 26 a3 108 189 268 wie 1030 1630 | 3390 
450 24 50 102 177 252 538 968 1530 3180 
500 23 47 96 168 238 508 914 1440 | 3000 
550 I) 45 91 159 226 482 868 oe) 2850 
600 21 43 87 132 215 460 829 L310. =| 2720 
650 20 4] 83 145 206 44] 793 1250 2610 
700 19 my 80 140 198 423 762 1200 2500 
750 18 38 77 135 | 191 408 t 734 1160 2410 | 
800 18 37 74 130 184 394 709 1120 2330 
850 17 35 pe 126 178 381 686 1080 2250 
900 17 34 70 122 173 370 665 1050 2180 
950 16 33 68 118 168 359 646 1020 2120 
1000 16 32 66 115 163 349 628 991 2060 
1100 15 31 63 109 135 332 aos 941 1960 
1200 14 29 60 104 148 316 569 898 | 1870 
1300 14 28 a, 100 142 303 545 860 | 1790 
1400 13 pe) 55 96 136 291 524 826 | 1720 
1500 13 26 2k 93 ile 280 | 505 796 | 1660 
1600 12 25 51 89 127 271 487 768 | 1600 
1700 12 24 49 86 123 262 | 472 744 1550 
1800 11 24 48 84 119 254 457 721 / 1500 
1900 11 23 47 81 115 247 oat 700 1460 
2000 11 ae 45 79 Lig | 240 432 681 1420 
>) For SI units: 1 inch = 25 mm, | foot = 304.8 mm, | cubic foot per hour = 0.0283 m*/h, 1 pound-force per square inch = 6.8947 kPa, | inch water column = 0.249 kPa 
Notes: 


' Table capacities are based on Type K copper tubing inside diameter (shown), which has the smallest inside diameter of the copper tubing products. 
2 Table entries are rounded to 3 significant digits. 


2022 CALIFORNIA MECHANICAL CODE 287 


FUEL GAS PIPING 


TABLE 1315.2(11) 


SEMI-RIGID COPPER TUBING [NFPA 54: TABLE 6.2.1(I)]? 


GAS: | NATURAL 
INLET PRESSURE: | 2.0 psi 
PRESSURE DROP: | 1.0 psi 
SPECIFIC GRAVITY: | 0.60 
TUBE SIZE (inch) 
K &L: % % "a Ye Ys 1 1% 1% 2 
NOMINAL: 5 
| ACR: Ye Ya % Ys % 1% 1% - - 
OUTSIDE: 0.375 0.500 0.625 0.750 0.875 1.125 1.375 1.625 ~ 2.125 
INSIDE:! 0.305 0.402 0.527 0.652 0.745 0.995 1.245 1.481 1.959 
LENGTH (feet) CAPACITY IN CUBIC FEET OF GAS PER HOUR 
10 245 506 1030 1800 2550 5450 9820 15500 | 32200 
20 169 348 708 1240 1760 3750 6750 10600 | 22200 
30 135 279 568 993 1410 3010 5420 8550 17 800 
40 116 239 486 850 1210 2580 4640 7310 15 200 
50 103 212 431 754 1070 2280 4110 6480 13 500 
60 93 192 391 683 969 2070 3730 5870 12 200 
70 86 177 359 628 891 1900 3430 5400 11 300 
80 80 164 334 584 829 1770 3190 5030 10 500 
90 75 154 314 548 778 1660 2990 4720 9820 
100 71 146 296 518 735 1570 2830 4450 9280 
125 63 129 263 459 651 1390 2500 3950 8220 
150 57 ne 238 416 590 1260 2270 3580 7450 
175 52 108 219 383 543 1160 2090 3290 6850 
200 49 100 204 356 505 1080 1940 3060 6380 
4250) 43 89 181 315 448 956 172086 du 5 2710 5650 
300 39 80 164 286 406 866 1560 2460 5120 
350 36 74 150 263 373 797 1430 2260 4710 
400 33 69 140 245 347 741 1330 2100 4380 
450 31 65 131 230 326 696 1250 1970 4110 
500 30 61 124 217 308 657 1180 | 1870 3880 
550 28 58 118 206 292 624 1120 1770 3690 
600 27 55 112 196 279 595 1070 1690 3520 
650 26 53 108 188 267 570 1030 1620 3370 
700 25 51 103 181 256 548 986 1550 3240 
praeieo 24 49 100 174 247 528 950 | 1500 3120. 
800 23 47 96 168 239 510 917 1450 3010 
850 22 46 93 163 231 493 888 1400 2920 
900 22 44 90 158 224 478 861 1360 2830 
950 21 43 88 153 217 464 836 1320 2740 
8 1000 20 42 85 149 211 452 813 1280 | 2670 
1100 19 40 81 142 201 429 772 1220 2540 
1200 18 38 77 135 192 409 737 1160 2420 
1300 18 36 74 129 183 392 705 1110 2320 
1400 17 35 71 124 176 376 678 1070 2230 
1500 16 34 68 120 170 363 653-1030 2140 
1600 16 33 66 116 164 350 630 994 2070 
1700 15 31 64 112 159 339 610 962 2000 
1800 15 30 62 108 154 329 592 933 1940 
1900 14 30 60 105 149 319 575 906 1890 
2000 14 29 59 102 145 310 559 881. 1830 


For SI units: 1 inch = 25 mm, | foot = 304.8 mm, | cubic foot per hour = 0.0283 m?/h, 1 pound-force per square inch = 6.8947 kPa 


Notes: 


' Table capacities are based on Type K copper tubing inside diameter (shown), which has the smallest inside diameter of the copper tubing products. 
> Table entries are rounded to 3 significant digits. 
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2022 CALIFORNIA MECHANICAL CODE 


@ 


FUEL GAS PIPING 


TABLE 1315.2(12) 


q SEMI-RIGID COPPER TUBING [NFPA 54: TABLE 6.2.1(m)]® 


GAS: | NATURAL 
INLET PRESSURE: 2.0 psi | 
PRESSURE DROP: | 1.5 psi | 
SPECIFIC GRAVITY: 0.60 
INTENDED USE: re SIZING BETWEEN POINT OF DELIVERY AND THE HOUSE LINE REGULATOR. TOTAL LOAD SUPPLIED BY A 
_ SINGLE HOUSE LINE REGULATOR NOT EXCEEDING 150 CUBIC FEET PER HOUR?. 
TUBE SIZE (inch) 
NOMINAL: <= +! ‘ is e = d: ; UA ie i: ae 
ACR: % % % %, % 1% 1% = - 
OUTSIDE: 0.375 0.500 0.625 0.750 | 0.875 1.125 1.375 1.625 2.125 | 
INSIDE: 0.305 0.402 0.527 0.652 0.745 0.995 1.245 1.481 1.959 
LENGTH (feet) CAPACITY IN CUBIC FEET OF GAS PER HOUR 
10 303 625 1270 2220 3150 6740 12 100 19 100 39 800 
20 208 430 874 1530 2170 4630 8330 13 100 27 400 
30 167 345 702 1230 1740 3720 6690 10 600 22 000 
40 143 295 601 1050 1490 3180 5730 9030 18 800 
50 ay 262 SS, 931 1320 2820 5080 8000 16 700 
60 115 IESG | 482 843 1200 2560 4600 7250 15 100 
70 106 218 444 776 1100 2350 4230 6670 13900 | 
80 98 203 413 UL 1020 2190 3940 6210 12900 | 
90 92 190 387 677 961 2050 3690 5820 12100) 4 
100 87 180 366 640 907 1940 3490 5500 11500 | 
125 Wil 159 324 567 804 1720 3090 4880 10 200 | 
150 70 144 294 514 729 1560 2800 4420 9200 
> 175 64 133 270 472 670 1430 2580 4060 8460 
200 60 124 252 440 624 1330 2400 3780 7870 
250 53 110 223 390 553 1180 2130 3350 6980 | 
300 48 99 202 353 501 1070 1930 3040 6320 
350 44 91 186 325 461 984 1770 2790 5820 
400 41 85 173 302 429 916 1650 2600 5410 | 
450 39 80 162 283 402 859 1550 2440 5080 
500 36 75 153 268 380 811 1460 2300 | 4800 | 
550 35 72 146 254 361 771 1390 2190 4560 | 
600 33 68 139 243 344 735 1320 2090 4350 | 
650 32 65 133 pip) 330 704 1270 2000 | 4160 
700 30 63 128 223 Bly, 676 1220 1920 | 4000 
750 29 60 123 DiS 305 652 1170 1850 3850 
800 28 58 119 208 295 629 1130 1790 3720 
850 24 Sy) 115 201 285 609 1100 1730 3600 | 
900 27 55 111 195 276 590 1060 1680 3490 | 
950 26 53 108 189 268 573 1030 1630 3390 
1000 25 52 105 184 261 558 1000 1580 3300 
1100 24 49 100 175 248 530 954 1500 3130 
1200 23 47 95 167 Bay 505 910 1430 2990 
1300 22 45 91 160 DEY) 484 871 1370 2860 | 
1400 21 43 88 153 218 465 837 1320 2750 
1500 20 42 85 148 210 448 806 1270 2650 
1600 19 40 82 143 202 432 779 1230 | 2560 : 
1700 19 39 719 138 196 419 753 1190 2470 | 
1800 18 38 WA 134 190 406 731 1150 2400 | 
1900 18 SM 74 130 184 394 709 1120 | 2330 
= 2000 17 36 72 126 179 383 690 1090 yin 
S For SI units: 1 inch = 25 mm, 1 foot = 304.8 mm, 1 cubic foot per hour = 0.0283 m?/h, 1 pound-force per square inch = 6.8947 kPa 
Notes: 


' Table capacities are based on Type K copper tubing inside diameter (shown), which has the smallest inside diameter of the copper tubing products. 

2 Where this table is used to size the tubing upstream of a line pressure regulator, the pipe or tubing downstream of the line pressure regulator shall be sized 
using a pressure drop no greater than | inch water column (0.249 kPa). 

3 Table entries are rounded to 3 significant digits. 


2022 CALIFORNIA MECHANICAL CODE 289 


FUEL GAS PIPING 


TABLE 1315.2(13) 
SEMI-RIGID COPPER TUBING [NFPA 54: TABLE 6.2.1(n)]? 


NATURAL _ 


GAS: 
INLET PRESSURE: 5.0 psi 
PRESSURE DROP: 3.5 psi 
SPECIFIC GRAVITY: 0.60 
TUBE SIZE (inch) 
b K&L: % % Yp OD Lk 1 1% 1% 2 
NOMINAL: as ne 
ACR: % Y, % | % % 1% 1% a “ 
OUTSIDE: 0.375 0.500 0.625 0.750 0.875 1.125 1.375 1.625 2.125 
INSIDE:! 0.305 0.402 0.527 0.652 0.745 0.995 1.245 1.481 1.959 
LENGTH (feet) CAPACITY IN CUBIC FEET OF GAS PER HOUR 

10 Stl 1050 2140 3750 5320 11 400 20 400 32 200 67 100 
20 351 724 1470 2580 3650 7800 14 000 22 200 46 100 
30 282 582 1180 2070 2930 6270 11 300 17 800 37 000 
40 241 498 1010 1770 2510 5360 9660 15 200 31 700 
50 214" 441 898 1570 2230 4750 8560 13 500 28 100 
60 194 400 813 | 1420 2020 4310 7750 12 200 25 500 
70 178 368 748 1310 1860 3960 WN) 11 200 23 400 
80 166 342 696 1220 1730 3690 6640 10 500 21 800 
90 156 321 653 1140 1620 3460 6230 9820 20 400 
100 147 303 617 1080 1530 3270 5880 9270 19 300 
125 130 269 547 955 1360 2900 5210 8220 17 100 
150 118 243 495 866 1230 2620 4720 7450 15 500 
KS 109 224 456 796 1130 2410 4350 6850 14 300 
200 101 208 424 741 1050 2250 4040 6370 13 300 
250 90 185 376 657 932 1990 3580 5650 11 800 
300 81 167 340 595 844 1800 3250 5120 10 700 
350 WE 154 313 547 WUT 1660 2990 4710 9810 
400 69 143 291 509 22 1540 2780 4380 9120 
450 65 134 273 478 678 1450 2610 4110 8560 
500 62 a 258 451 640 1370 2460 3880 8090 
550 58 A 245 429 608 1300 2340 3690 7680 
600 56 iS 234 409 580 1240 2230 3520 7330 
650 53 110 224 392 556 1190 2140 3370 7020 
700 51 106 215 376 534 1140 2050 3240 6740 
750 49 ' 102 207 362 514 1100 1980 3 120 6490 
800 48 98 200 350 497 1060 1910 3010 6270 
850 46 95 194 339 481 1030 1850 2910 6070 
900 45 92 188 328 466 1000 1790 2820 5880 
950 43 90 182 319 452 967 1740 2740 5710 
1000 42 87 177, | _310 440 940 | 1690 | 2670 5560 
1100 40 83 169 295 418 893 1610 2530 5280 
1200 38 719 161 281 399 852 1530 2420 5040 
1300 2i9/ 76 154 269 382 816 1470 2320 4820 
1400 35 73 148 259 367 784 1410 2220 4630 
1500 34 70 143 249 Bos WES) 1360 2140 4460 
1600 33 68 138 241 341 729 1310 2070 4310 
1700 BW 65 133 233 330 705 1270 2000 4170 
1800 31 63 129 226 320 684 1230 1940 4040 
1900 30 62 125 219 311 664 1200 1890 3930 
2000 29 ; 60 122 213 302 646 1160 1830 3820 


For SI units: 1 inch = 25 mm, 1 foot = 304.8 mm, | cubic foot per hour = 0.0283 m/h, 1 pound-force per square inch = 6.8947 kPa 


Notes: 


' Table capacities are based on Type K copper tubing inside diameter (shown), which has the smallest inside diameter of the copper tubing products. 
? Table entries are rounded to 3 significant digits. 
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2022 CALIFORNIA MECHANICAL CODE 


FUEL GAS PIPING 


3S TABLE 1315.2(14) 


- CORRUGATED STAINLESS STEEL TUBING (CSST) [NFPA 54: TABLE 6.2.1(0)]'»2 


GAS: | NATURAL 

INLET PRESSURE: | LESS THAN 2 psi 

PRESSURE DROP: | 0.5 in. w.c. 

SPECIFIC GRAVITY: |0.60 

a TUBE SIZE (EHD)? 
FLOW DESIGNATION:| 13 | 15 | 18 | 19 | 23 | 25 | 30 | 31 37. | 39 46 as | 60 62 
LENGTH (feet) CAPACITY IN CUBIC FEET OF GAS PER HOUR 
5 46 63 115 134 225 270 471 546 895 1037 1790 2070 3660 4140 
10 32 44 82 95 161 192 330 383 639 746 1260 1470 2600 2930 
15 25 35 66 77 132 157 267 310 524 615 1030 1200 2140 2400 
20 22 31 58 67 116 137 231 269 456 536 888 1050 1850 2080 
DS 19 Di 52 60 104 122 206 240 409 482 793 936 1660 1860 
! 
30 18 25 47 SS 96 112 188 218 374 442 128, 856 1520 1700 
40 15 21 41 47 83 97 162 188 325 386 625 742 1320 1470 
50 13 19 37 42 75 87 144 168 292 347 559 665 1180 1320 
60 12 ny) 34 38 68 80 131 153: 267 318 509 608 1080 1200 
70 11 16 31 36 63 74 121 141 248 295 471 563 1000 1110 
80 10 i) 29 33 60 69 113 132 232 Dlih 440 SYA 940 1040 
90 10 14 28 32 S9/ 65 107 125 219 262 415 498 887 983 
100 9 13 26 30 54 62 101 118 208 249 393 472 843 933 / 
150 7 10 20 23 42 48 78 91 171 205 320 | 387 691 762 / 
200 6 9 18 D2 38 44 val 82 148 179 277 336 600 661 
250 5 8 16 19 34 39 63 74 133 161 247 301 538 591 
> 300 5 i iS 17 32, 36 Si) 67 95 148 226 ONT) 492 540 


For SI units: 1 inch = 25 mm, | foot = 304.8 mm, | cubic foot per hour = 0.0283 m°>/h, 1 pound-force per square inch = 6.8947 kPa, | inch water column = 0.249 kPa 

Notes: 

' Table entries are rounded to 3 significant digits. 

> Table includes losses for four 90 degree (1.57 rad) bends and two end fittings. Tubing runs with larger numbers of bends, fittings, or both shall be increased by an 
equivalent length of tubing to the following equation: L = 1.3 n, where L is additional length (ft) of tubing and n is the number of additional fittings, bends, or both. 

3 EHD = Equivalent Hydraulic Diameter, which is a measure of the relative hydraulic efficiency between different tubing sizes. The greater the value of EHD, 
the greater the gas capacity of the tubing. 


2022 CALIFORNIA MECHANICAL CODE 291 


FUEL GAS PIPING 


TABLE 1315.2(15) e 
CORRUGATED STAINLESS STEEL TUBING (CSST) [NFPA 54: TABLE 6.2.1(p)]"2 


r GAS: NATURAL 
| INLET PRESSURE: LESS THAN 2 psi 
| PRESSURE DROP: 3.0 in. w.c. 
SPECIFIC GRAVITY: | 0.60 ] 
INTENDED USE: INITIAL SUPPLY PRESSURE OF 8.0 INCH WATER COLUMN OR GREATER 
Ps se [ TUBE SIZE(EHD) @ * MT 
| FLOW DESIGNATION: | 13 {15 18 19 23 25 30 31 37 39 46 | 48 60 | 62 
| LENGTH (feet) CAPACITY IN CUBIC FEET OF GAS PER HOUR 
5 120 160 2H] B27 529 649 1180 | 1370 | 2140 | 2423 | 4430 | 5010 | 8800 | 10100 
10 83 2 197 231 380 462 828 958 1530 | 1740 | 3200 | 3560 | 6270 | 7160 
15 67 90 161 189 313 379 673 778 1250 | 1433 | 2540 } 2910 | 5140 | 5850 
20 57 78 140 164 273 329 580 672 1090 | 1249 | 2200 | 2530 | 4460 | 5070 
25 51 69 125 147 245 295 518 599 978 1123 | 1960 | 2270 | 4000 | 4540 
30 46 63 115 134 225 270 471 546 895 1029 | 1790 | 2070 | 3660 | 4140 
40 39 54 100 116 196 234 407 471 778 897 1550 | 1800 | 3180 | 3590 
50 B5 48 89 104 176 210 363 421 698 806 1380 "TCO | 2850") 32108 
60 B2 44 82 95 161 192 330 383 639 739 1260 | 1470 | 2600 | 2930 
70 29 4] 76 88 150 178 306 350 593 686 1170) 360 4 24200 e720 
80 Ii} 38 Al 82 141 167 285 331 555 644 1090 | 1280 | 2260 | 2540 
90 | 26 36 67 Teh 133 ISS 268 311 524 609 1030 | 1200 | 2140 | 2400 
100 24 34 63 73 126 149 254 295 498 579 974 1140 | 2030 | 2280 
150 19 il Sy 60 104 122 206 240 409 477 793 936 1660 | 1860 
200 7 D3 45 52 91 106 178 207 3) 415 686 812 1440 | 1610 | 
250 15 Pd\ 40 46 82 95 159 184 319 Syia)| axouls} 728 1290 | 1440 
300 13 19 Bd 42 75 87 144 168 | 234 342 559 665 LS Ome S20 


For SI units: 1 foot = 304.8 mm, 1 cubic foot per hour = 0.0283 m?/h, 1 pound-force per square inch = 6.8947 kPa, | inch water column = 0.249 kPa 

Notes: 

' Table entries are rounded to 3 significant digits. 

* Table includes losses for four 90 degree (1.57 rad) bends and two end fittings. Tubing runs with larger numbers of bends, fittings, or both shall be increased by an 
equivalent length of tubing to the following equation: L = 1.3 n, where L is additional length (ft) of tubing and 7 is the number of additional fittings, bends, or both. 

> EHD = Equivalent Hydraulic Diameter, which is a measure of the relative hydraulic efficiency between different tubing sizes. The greater the value of EHD, 
the greater the gas capacity of the tubing. 
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TABLE 1315.2(16) 


CORRUGATED STAINLESS STEEL TUBING (CSST) [NFPA 54: TABLE 6.2.1(q)]'"2 


FUEL GAS PIPING 


— GAS: NATURAL 
INLET PRESSURE: | LESS THAN 2 psi | 
PRESSURE DROP: 6.0 in. w.c. _ | 
: SPECIFIC GRAVITY: | 0.60 = 
INTENDED USE: INITIAL SUPPLY PRESSURE OF 11.0 INCH WATER COLUMN OR GREATER ' 
‘ é TUBE SIZE (EHD)? : im ie yg WOTTAM AMO WBS" | 
FLOW DESIGNATION: 13 15 18 19 23 25 30 31 37 39 | 46 48 60 62 : 
LENGTH (feet) CAPACITY IN CUBIC FEET OF GAS PER HOUR 1 Gta | ns Rae ine 
5 173 229 389 461 737 911 1690 | 1950 | 3000 | 3375 | 6280 | 7050 | 12 400) 14 260 | 
10 120 160 277 327 529 649 1180 | 1370 | 2140 | 2423 | 4430 | 5010 | 8800 |10 100 | 
15 96 130 ppg) 267 436 532 960 1110 | 1760 | 1996 | 3610 | 4100 | 7210 | 8260 | 
20 83 12 197 DSi 380 462 828 958 1530 | 1740 | 3120 | 3560 | 6270 | 7160 | 
25 74 | 99 | 176 | 207 | 342 | 414 | 739 | 855 | 1370 | 1564 | 2790 | 3190 | 5620 | 6400 
30 67 90 161 189 313 379 673 778 1250 | 1433 | 2540 | 2OLOM Sao WV So50 a 
40 Sy 78 140 164 273 329 580 672 1090 | 1249 | 2200 | 2530 | 4460 | 5070 
50 51 69 125 147 245 295 518 599 978 1123 | 1960 | 2270 | 4000 | 4540 
60 46 | 63 | 115 | 134 | 225 | 270 | 471 | 546 | 895 | 1029 | 1790 | 2070 | 3660 | 4140 
70 42 58 106 124 209 250 435 505 830 956 | 1660 | 1920 | 3390 | 3840 | 
80 39 54 100 116 196 234 407 471 778 897 | 1550 | 1800 | 3180 | 3590 | 
90 Si Sl 94 109 185 221 383 444 735 848 1460 | 1700 | 3000 | 3390 
100 35 | 48 | 89 | 104 | 176 | 210 | 363 | 421 | 698 | 806 | 1380 | 1610 | 2850 | 3210 
150 28 39 a3 85 145 72 294 342 573 664 1130.) 1320) |.2340 | 2630 | 
200 24 34 63 73 126 149 254 295 498 579 974 | 1140 | 2030 | 2280 | 
250 2) 30 Si! 66 114 134 226 263 447 520 870 1020 | 1820 | 2040 
300 19 27 Sy 60 104 it 206 240 409 477 793 936 1660 1860. 


For SI units: 1 foot = 304.8 mm, | cubic foot per hour = 0.0283 m/h, 1 pound-force per square inch = 6.8947 kPa, | inch water column = 0.249 kPa 


Notes: 


! Table entries are rounded to 3 significant digits. 


2 Table includes losses for four 90 degree (1.57 rad) bends and two end fittings. Tubing runs with larger numbers of bends, fittings, or both shall be increased by an equiv- 
alent length of tubing to the following equation: L = 1.3 n, where L is additional length (ft) of tubing and v is the number of additional fittings, bends, or both. 

3 EHD = Equivalent Hydraulic Diameter, which is a measure of the relative hydraulic efficiency between different tubing sizes. The greater the value of EHD, the 
greater the gas capacity of the tubing. 
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TABLE 1315.2(17) e 
CORRUGATED STAINLESS STEEL TUBING (CSST) [NFPA 54: TABLE 6.2.1(r)]""2 34 


A GAS: | NATURAL ; 
INLET PRESSURE: | 2.0 psi 
PRESSURE DROP: 1.0 psi 
‘ SPECIFIC GRAVITY: | 0.60 
a - TUBE SIZE (EHD)° ia 7 
FLOW DESIGNATION: | 13 15 18 7 19 23 25 30 31 L 37 2 39 | 46 48 60 DD 62 
LENGTH (feet) CAPACITY IN CUBIC FEET OF GAS PER HOUR , 
10 270 | (353) So7ar 700" m1 T0034 1s 70s over U ) 4510) 5030 9600 10700 | 18600 | 21 600 
25 166 | 220 | 374 | 444 709 876 | 1620 | 1870 | 2890 | 3258 6040 6780 11 900 | 13 700 
30 151 | 200 | 342 | 405 650 801 1480 | 1700 | 2640 | 2987 5510 6200 10900 | 12 500 
40 1299) ak72* 297-7 (351 567 696 | 1270 | 1470 | 2300 | 2605 4760 5380 9440 | 10900 
50 115 | 154 | 266 | 314 510 624 | 1140 | 1310 | 2060 | 2343 4260 4820 8470 9720 
75 Tat eZ: A Te es 420 512 22 hOTO 1) L690 1932 3470 3950 6940 7940 
80 89 | 120 | 211 | 249 407 496 892 | 1030 | 1640 | 1874 3360 3820 6730 7690 
100 TS. LOFT serls9 6222 366 445 795 920 1470 | 1685 3000 3420 6030 6880 
150 64 Siig 55 dey 182 302 364 646 748 1210 | 1389 2440 2800 4940 5620 
200 3 75, RLS. 4, 160 263 317 s07 645 1050 |). 1212 2110 2430 4290 4870 
250 49 67, (e121 141 236 284 497 576 941 1090 1890 2180 3850 4360 
300 at 61 LTO 7" 429 2h7 260 453 325 862 999 1720 1990 3520 3980 
400 38 52 96 111 189 Deo 390 453 749 871 1490 1730 3060 3450 
a p 500 34 | 46 86 100 170 202 348 404 552 783 ; 1330 si 1550 2740 3090 
For SI units: 1 foot = 304.8 mm, 1 cubic foot per hour = 0.0283 m*/h, 1 pound-force per square inch = 6.8947 kPa 
Notes: 
' Table does not include effect of pressure drop across the line regulator. Where regulator loss exceeds 0.75 psi (5.17 kPa), DO NOT USE THIS TABLE. Con- 
sult with regulator manufacturer for pressure drops and capacity factors. Pressure drops across a regulator are capable of varying with flow rate. @ 
2 


CAUTION: Capacities shown in table are capable of exceeding maximum capacity for a selected regulator. Consult with regulator or tubing manufacturer 
for guidance. 

Table includes losses for four 90 degree (1.57 rad) bends and two end fittings. Tubing runs with larger numbers of bends, fittings, or both shall be increased 
by an equivalent length of tubing according to the following equation: L = 1.3 n, where L is additional length (ft) of tubing and 7 is the number of additional 
fittings, bends, or both. 


> 


Table entries are rounded to 3 significant digits. 


n 


EHD = Equivalent Hydraulic Diameter, which is a measure of the relative hydraulic efficiency between different tubing sizes. The greater the value of EHD, 
the greater the gas capacity of the tubing. 


294 2022 CALIFORNIA MECHANICAL CODE 


FUEL GAS PIPING 


TABLE 1315.2(18) 
CORRUGATED STAINLESS STEEL TUBING (CSST) [NFPA 54: TABLE 6.2.1(s)]" 234 


GAS: NATURAL 
INLET PRESSURE: | 5.0 psi —— 
PRESSURE DROP: 3.5 psi —~ kes 
[ SPECIFIC GRAVITY: 0.60 = 
TUBE SIZE (EHD)° -# ety ae 
FLOW DESIGNATION:| 13 | 15 18 19 23 25 30 31 | 37 39 46 48 = m 60 dre 62 zs] 
| LENGTH (feet) CAPACITY IN CUBIC FEET OF GAS PER HOUR v . ae 
10 aes | 674 1080 | 1300 | 2000 | 2530 | 4920 | 5660 | 8300 | 9140 | 18100 19800 | 34 400 | 40 400 
Pte 322 | 420 | 691 827 | 1290 | 1620 | 3080 | 3540 | 5310 | 5911 | 11400 | 12600 | 22 000 | 25 600 
30 292 | 382 | 632 755 | 1180 | 1480 | 2800 | 3230 | 4860 | 5420 | 10400) 11500 | 20100 | 23 400 | 
40 251 | 329 | 549 654 | 1030 | 1280 | 2420 | 2790 | 4230 | 4727 | 8970 | 10000 | 17400 | 20200 | 
50 223 | 293 | 492 586 926 | 1150 | 2160 | 2490 | 3790 | 4251 8020 8930 | 15600 18 100 | 
75 180 | 238 | 403 479 763 944 1750 | 2020 | 3110 | 3506 | 6530 7320 12 800 | 14 800 | 
80 174 | 230 | 391 463 740 915 1690 | 1960 | 3020 | 3400 | 6320 7090 12 400 | 14 300 
100 154 | 205 | 350 415 665 820 1510 | 1740 | 2710 | 3057 | 5650 6350 | 11 100 | 12 800 | 
150 124 | 166 | 287 339 548 672 1230 | 1420 | 2220 | 2521 | 4600 5200 | 9130 | 10 500 | 
200 107 | 143 | 249 294 478 584 1060 | 1220 | 1930 | 2199 | 3980 4510 7930 Y* 9090 
250 RIB Ae eae: 263 430 524 945 L090. L7308e 1977 1.3550 4040 | 7110 | 8140 
300 86 | 116 | 204 240 394 479 860 995 1590 | 1813 | 3240 3690 = 6500 | 7430 | 
400 74 | 100 | 177 208 343 416 742 858 1380 | 1581 2800 3210 | 5650 | 6440 
500 66 89 159 186 309 373 662 766 1040 | 1422 | 2500 2870 5060 | 5760 
For SI units: 1 foot = 304.8 mm, | cubic foot per hour = 0.0283 m°*/h, 1 pound-force per square inch = 6.8947 kPa 


Notes: 

! Table does not include effect of pressure drop across the line regulator. Where regulator loss exceeds 1 psi ( 7 kPa), DO NOT USE THIS TABLE. Consult with reg- 
ulator manufacturer for pressure drops and capacity factors. Pressure drops across regulator are capable of varying with the flow rate. 

CAUTION: Capacities shown in table are capable of exceeding the maximum capacity of selected regulator. Consult tubing manufacturer for guidance. 

Table includes losses for four 90 degree (1.57 rad) bends and two end fittings. Tubing runs with larger numbers of bends, fittings, or both shall be increased by an equiva- 


lent length of tubing to the following equation: ZL = 1.3 n, where L is additional length (feet) of tubing and n is the number of additional fittings, bends, or both. 
Table entries are rounded to 3 significant digits. 


win 


nA > 


EHD = Equivalent Hydraulic Diameter, which is a measure of the relative hydraulic efficiency between different tubing sizes. The greater the value of EHD, the 
greater the gas capacity of the tubing. 


2022 CALIFORNIA MECHANICAL CODE 295 


FUEL GAS PIPING 


TABLE 1315.2(19) 


POLYETHYLENE PLASTIC PIPE [NFPA 54: TABLE 6.2.1(t)]* 


~ GAS: 


NATURAL. 


INLET PRESSURE: LESS THAN 2 psi a 
PRESSURE DROP: |0.3in.w.c. 
SPECIFIC GRAVITY:|0.60 ; 
PIPE SIZE (inch) = igi ey ; 
NOMINAL OD: % % 1 1% 1% 2 3 ae 
DESIGNATION: SDR 9.3 SDR 11 SDR 11 SDR 10 SDR11. | SDR11 SDR 11 SDR 11 
ACTUAL ID: 0.660 0.860 1.077 1.328 1554 | 1.943 2.864 3.682 
LENGTH (feet) CAPACITY IN CUBIC FEET OF GAS PER HOUR ' 
10 153 305 Sil! 955 1440 | 2590 7170 13 900 
20 105 210 379 656 991 1780 4920 9520 
30 84 169 304 527 796 1430 3950 7640 
40 72 144 260 451 681 1220 3380 6540 
50 64 i 128 Dol 400 604 1080 3000 5800 
60 58 116 209 362 547 983 2720 5250 
70 53 107 192 333 503 904 2500 4830 
80 50 99 179 310 468 841 2330 4500 
90 46 93 168 291 439 789 2180 4220 
100 24 5 ONGEy | 88 159 275 415 745 | 2060 3990 
125 39 78 141 243 368 661 1830 3530 
150 35 71 a 22) 333 598 1660 3200 
We 32 65 117 203 306 Sil 1520 2940 
200 30 60 109 189 285 512) 1420 2740 
250 27 54 97 167 aSomesrdjtorwasae 1260 2430 
300 24 48 88 oy 229 411 1140 2200 
350 22 45 81 139 Pi 378 1050 2020 
400 21 42 75 130 196 352 974 1880 
450 19 39 70 122 184 330 914 1770 
500 18 | 37 66 ES 174 3 863 1670 


For SI units: 1 inch = 25 mm, | foot = 304.8 mm, | cubic foot per hour = 0.0283 m*/h, 1 pound-force per square inch = 6.8947 kPa, 1 inch water column = 0.249 kPa 
* Table entries are rounded to 3 significant digits. 


296 2022 CALIFORNIA MECHANICAL CODE 


FUEL GAS PIPING 


& TABLE 1315.2(20) 
POLYETHYLENE PLASTIC PIPE [NFPA 54: TABLE 6.2.1(u)]* 
GAS: | NATURAL 
INLET PRESSURE: | LESS THAN 2 psi 
PRESSURE DROP: |0.5 in. w.c. 
SPECIFIC GRAVITY: | 0.60 
PIPE SIZE (inch) 
NOMINAL OD: | V2 Yq 1 1% 1% 2 3 4 
DESIGNATION: SDR 9.3 SDR 11 SDR 11 SDR 10 SDR 11 SDR 11 SDR 11 SDR 11 
[ ACTUAL ID: I 0.660 0.860 1.077 1.328 1.554 1.943 2.864 } 3.682 | 
LENGTH (feet) I CAPACITY IN CUBIC FEET OF GAS PER HOUR e 
10 201 403 726 1260 1900 3410 9450 18 260 
20 138 277 499 865 1310 2350 6490 12 550 
30 111 222 401 695 1050 1880 5210 10 080 
40 95 190 343 594 898 1610 4460 8630 
50 84 169 304 527 796 1430 3950 7640 
60 16 153 276 477 721 1300 3580 6930 
70 70 140 254 439 663 1190 3300 6370 
80 65 131 236 409 617 1110 3070 5930 
90 61 123 221 383 579 1040 2880 5560 
100 58 116 209 362 547 983 2720 5250 
125 51 103 185 321 485 871 2410 4660 
150 46 93 168 291 439 789 2180 4220 
175 43 86 154 268 404 726 2010 3880 
€ 200 40 80 144 249 376 675 1870 3610 
) 250 35 71 127 221 333 598 1660 3200 
300 32 64 115 200 302 542 1500 2900 
350 29 59. 106 184 278 499 1380 2670 
400 27 55 99 171 258 464 1280 2480 
450 26 51 93 160 242 435 1200 2330 
500 24 48 88 152 229 All 1140 2200 


For SI units: 1 inch = 25 mm, 1 foot = 304.8 mm, 1 cubic foot per hour = 0.0283 m?/h, 1 pound-force per square inch = 6.8947 kPa, | inch water column = 0.249 kPa 
* Table entries are rounded to 3 significant digits. 


2022 CALIFORNIA MECHANICAL CODE 297 


FUEL GAS PIPING 


TABLE 1315.2(21) 


POLYETHYLENE PLASTIC PIPE [NFPA 54: TABLE 6.2.1(v)]* 


GAS: | NATURAL 
INLET PRESSURE: 2.0 psi _ , 
PRESSURE DROP: 1.0 psi 
1 SPECIFIC GRAVITY: 0.60 _ 
1 ee at r PIPE SIZE (inch) — 2 
NOMINAL OD: % ; % 1 1% “tin ott aes 7 
__ DESIGNATION: SDR 9.3 SDR 11 SDR 11 SDR 10 SDR11 | ~SDR11 SDR 11 SDR 11 
ACTUAL ID: 0.660 0.860 1.077 1.328 1.554 1.943 2.864 3.682 
LENGTH (feet) | CAPACITY IN CUBIC FEET OF GAS PER HOUR : : | 
OO 860 | 3720 6710 11 600 17 600 31 600 87 300 169 000 
20 | 1280 2560 4610 7990 12 100 21 700 60 000 116 000 
30 1030 2050 3710 6420 9690 17 400 48 200 93 200 
40 878 1760 3170 5490 8300 14 900 41 200 79 700 
50 778 1560 2810 4870 7350 | 13200 | 36600 70700 | 
60 705 1410 2550 4410 6660 12 000 33 100 64 000 
70 649 1300 2340 4060 6130 11 000 30 500 58 900 
80 603 1210 2180 3780 $700 10 200 28 300 54 800 
90 566 1130 2050 3540 5350 9610 26 600 51 400 
__ 100 ; 535 1070 » 1930 3350 5050 | 9080 25 100 48 600 
125 474 949 1710 2970 4480 8050 22 300 43 000 
150 429 860 1550 2690 4060 7290 20 200 39 000 
175 | 395 791 1430 2470 3730 6710 18 600 35 900 
200 368 736 1330 2300 3470 6240 17 300 33 400 
= 250 326 652 [ 1180 2040 3080 5530 15 300 29 600 
300 295 591 1070 1850 2790 5010 13 900 26 800 
350 272 544 981 1700 2570 4610 12 800 24 700 
400 253 506 913 1580 2390 4290 11 900 22 900 
450 23) 475 856 1480 2240 4020 11 100 21 500 
500 224 448 809 1400 2120 3800 10 500 20 300 
550 213 426 768 1330 2010 3610 9990 19 300 
600 203 406 733 1270 1920 3440 9530 18 400 
650 194 389 702 1220 1840 3300 9130 17 600 
700 187 374 674 1170 1760 3170 8770 16 900 
Gre, 180 360 649 1130 1700 3050 8450 16 300 
800 174 348 627 1090 1640 2950 8160 15 800 
850 168 336 607 1050 1590 2850 7890 15 300 
900 163 326 588 1020 1540 2770 7650 14 800 
950 158 317 az 990 1500 2690 7430 14 400 
1000 =| 154 308 | «556 963 1450 2610 7230 14 000 
1100 146 293 528 915 1380 2480 6870 13 300 
1200 | 139 279 504 873 1320 2370 6550 12 700 
1300 134 267 482 836 1260 2270 6270 12 100 
1400 | 128 257 463 803 1210 2180 6030 11 600 
Vee 5 1500, Jy) ate 247 and AAG: | ete 1170 | 2100 5810 11 200 
| 1600 119 239 431 T47 1130 2030 5610 10 800 
1700 115 23 417 723 1090 1960 5430 10 500 
1800 112 224 404 701 1060 1900 5260 10 200 
1900 109 218 393 680 1030 1850 5110 9900 
2000 106 212 382 662 1000 1800 4970 9600 


For SI units: 1 inch = 25 mm, | foot = 304.8 mm, | cubic foot per hour = 0.0283 m>/h, 1 pound-force per square inch = 6.8947 kPa 


* Table entries are rounded to 3 significant digits. 


298 


2022 CALIFORNIA MECHANICAL CODE 


TABLE 1315.2(22) 


POLYETHYLENE PLASTIC TUBING [NFPA 54: TABLE 6.2.1(w)]* 


TABLE 1315.2(23) 


FUEL GAS PIPING 


POLYETHYLENE PLASTIC TUBING [NFPA 54: TABLE 6.2.1(x)]* 3 


For SI units: 1 inch = 25 mm, | foot = 304.8 mm, 1 cubic foot per hour = 
0.0283m7/h, 1 pound-force per square inch = 6.8947 kPa, 1 inch water column 


= 0.249 kPa 
Notes: 
' CTS = Copper tube size. 


2 Table entries are rounded to 3 significant digits. 
3 NA means a flow of less than 10 ft3/h (0.283 m*/h). 


2022 CALIFORNIA MECHANICAL CODE 


GAS: | NATURAL GAS: [NATURAL | 
INLET PRESSURE: | LESS THAN 2.0 psi INLET PRESSURE: | LESS THAN 2.0 psi | 
PRESSURE DROP: | 0.3 in. w.c. PRESSURE DROP: (0.5 in. w.c. | 
SPECIFIC GRAVITY: | 0.60 SPECIFIC GRAVITY: (0.60 
PLASTIC TUBING SIZE (CTS)! (inch) PLASTIC TUBING SIZE (CTS)! (inch) / 
NOMINAL OD: \% 1 NOMINAL OD: \p 1 
DESIGNATION: SDR 7 SDR 11 DESIGNATION: SDR7 SDR 11 
ACTUAL ID: 0.445 0.927 ACTUAL ID: Tm 0.445 oT ; (0.927 Ler” | 
LENGTH (feet) CAPACITY IN CUBIC FEET OF GAS PER HOUR LENGTH (feet) CAPACITY IN CUBIC FEET OF GAS PER HOUR | 
10 54 372 10 72 490 
20 37 256 20 49 337 
30 30 205 30 39 271 | 
40 26 176 40 34 232 | 
50 23 156 ie £450 mo 1h 205 06" | 
60 21 141 60 27 186 | 
70 19 130 70 25 | 171 | 
80 18 121 80 23 | 159 | 
90 17 113 90 22 | 149 | 
100 16 107 100 21 f 1419 | 
| 125 14 95 125 18 125 | 
150 13 86 150 17 113 | 
175 12 79 175 15 104 | 
200 11 74 200 14 f 97 
225 10 69 225 13 91 
250 NA 65 250 12 86 | 
275 NA 62 275 11 82 | 
300 NA 505 300 | a 178 Dee | 
350 NA 54 350 10 7 | 
400 NA 51 400 NA 67 
450 NA 47 450 NA 63 
500 NA 45 500 NA 59 


For SI units: 1 inch = 25 mm, Nl foot = 304.8 mm, 1 cubic foot per hour = 


0.0283m°/h, 1 pound-force per square inch = 6.8947 kPa, | inch water column 


= 0.249 kPa 
Notes: 
' CTS = Copper tube size. 


? Table entries are rounded to 3 significant digits. 
3 NA means a flow of less than 10 ft3/h (0.283 m*/h). 


299 


FUEL GAS PIPING 


TABLE 1315.2(24) @ 
SCHEDULE 40 METALLIC PIPE [NFPA 54: TABLE 6.3.1(a)]* 


[ GAS: | UNDILUTED PROPANE 
INLET PRESSURE: | 10.0 psi 
| PRESSURE DROP: |1.0 psi 
SPECIFIC GRAVITY: | 1.50 
INTENDED USE: PIPE SIZING BETWEEN FIRST STAGE (HIGH PRESSURE) REGULATOR AND SECOND STAGE (LOW PRESSURE) REGULATOR 
| PIPE SIZE (inch) 
neewee Y% % 1 Re he) ay, 2 2% 3 4 
ACTUAL: 0.622 0.824 1.049 1.380 1.610 2.067 2.469 3.068 4.026 
sgradl CAPACITY IN THOUSANDS OF BTU PER HOUR 
10 3320 6950 13 100 26 900 40 300 77 600 124 000 219 000 446 000 
20 2280 4780 9000 18 500 27 700 53 300 85 000 150 000 306 000 
30 1830 3840 7220 14 800 22 200 42 800 68 200 121 000 246 000 
40 1570 3280 6180 12 700 19 000 36 600 58 400 103 000 211 000 
50 1390 2910 5480 11300 | 16900 | 32500 | 51700 | 91500 | 187000 
60 1260 2640 4970 10 200 15 300 29 400 46 900 82 900 169 000 
70 1160 2430 4570 9380 14 100 27 100 43 100 76 300 156 000 
80 1080 2260 4250 8730 13 100 25 200 40 100 70 900 145 000 
90 1010 2120 3990 8190 12 300 23 600 37 700 66 600 136 000 
100 956 2000 3770 7730 11600 | 22300 | 35600 | 62900 | 128000 
125 848 1770 3340 6850 | 10300 | 19800 31 500 55 700 114 000 
150 768 1610 3020 6210 9300 17 900 28 600 50 500 103 000 
LD: 706 1480 2780 5710 8560 16 500 26 300 46 500 94 700 
200 657 1370 2590 5320 7960 15 300 24 400 43 200 88 100 
250 582 1220 2290 4710 7060 | 13600 | 21700 | 38300 | 78100 
300 528 1100 2080 4270 6400 12 300 19 600 34 700 70 800 
350 486 1020 1910 3930 5880 11 300 18 100 31 900 65 100 
400 452 945 1780 3650 5470 10 500 16 800 29 700 60 600 
450 424 886 1670 3430 5140 9890 15 800 27 900 56 800 
500 400 837 1580 3240 4850 9340 14900 | 26300 | 53700 
550 380 795 1500 3070 4610 8870 14 100 25 000 51 000 
600 363 759 1430 2930 4400 8460 13 500 23 900 48 600 
650 347 726 1370 2810 4210 8110 12 900 22 800 46 600 
700 334 698 1310 2700 4040 7790 12 400 21 900 44 800 
750 S21 672 1270 2600 3900 7500 12 000 21 100 43 100 
800 310 649 1220 2510 3760 7240 11 500 20 400 41 600 
850 300 628 1180 2430 3640 7010 11 200 19 800 40 300 
900 291 609 1150 2360 3530 6800 10 800 19 200 39 100 
950 283 592 1110 2290 3430 6600 10 500 18 600 37 900 
1000 Zt SB) 1080 2230 3330 6420 10 200 18 100 36 900 
1100 261 546 1030 2110 3170 6100 9720 17 200 35 000 
1200 249 521 982 2020 3020 5820 9270 16 400 33 400 
1300 239 499 940 1930 2890 5570 8880 15 700 32 000 
1400 229 480 903 1850 2780 5350 8530 15 100 30 800 
1500 2a 462 870 1790 2680 5160 8220 14 500° 29 600 
1600 213 446 840 1730 2590 4980 7940 14.000 28 600 
1700 206 432 813 1670 2500 4820 7680 13 600 27 700 
1800 200 419 789 1620 2430 4670 7450 13 200 26 900 
1900 194 407 166 1570 2360 4540 7230 12 800 26 100 
2000 189 395 745 1530 2290 4410 7030 12 400 25 400 


For SI units: | inch = 25 mm, | foot = 304.8 mm, 1000 British thermal units per hour = 0.293 kW, | pound-force per square inch = 6.8947 kPa 
* Table entries are rounded to 3 significant digits. 


300 


2022 CALIFORNIA MECHANICAL CODE 


TABLE 1315.2(25) 


SCHEDULE 40 METALLIC PIPE [NFPA 54: TABLE 6.3.1(b)]* 


FUEL GAS PIPING 


GAS: | UNDILUTED PROPANE 


INLET PRESSURE: 10.0 psi 


PRESSURE DROP: 3.0 psi 


SPECIFIC GRAVITY: 1.50 


INTENDED USE: PIPE SIZING BETWEEN FIRST STAGE (HIGH PRESSURE) REGULATOR AND SECOND STAGE (LOW PRESSURE) REGULATOR _ 


PIPE SIZE (inch) 


anes Y, % techs hasaey, 1% 2 2% 3 4 
ACTUAL: 0.622 0.824 1.049 1.380 1.610 2.067 2.469 3.068 “4.026 | 
aos CAPACITY IN THOUSANDS OF BTU PER HOUR | 
10 5890 12 300 23200 | 47600 71 300 137 000 219000 | 387000 | 789000 | 
20 4050 8460 15 900 32 700 49 000 94 400 150 000 266 000 543 000 
30 3250 6790 12 800 26 300 39 400 75 800 121 000 214 000 436000 | 
40 2780 5810 11 000 22 500 33 700 64 900 103 000 183 000 373 000 -| 
50 2460 5150 9710 19 900 29 900 57 500 91 600 162 000 330 000 
i a60 2230 4670 8790 | 18100 27 100 52 100 83000 | 147000 | 299000 | 
70 2050 4300 8090 16 600 24 900 47 900 76 400 135 000 275 000 | 
80 1910 4000 7530 15 500 23 200 44 600 71 100 126000 | 256000 | 
90 1790 3750 7060 14 500 21 700 41 800 66 700 118000 | 240000 | 
100 1690 3540 6670 13 700 | 20 500 39 500 63 000 111 000 227000 | 
125 1500 3140 5910 12 100 18 200 35 000 55 800 98 700 201000 | 
150 1360 2840 5360 11 000 16 500 31 700 50 600 89 400 182000 | 
175 1250 2620 4930 10 100 15 200 29 200 46 500 82 300 167 800 | 
200 1160 2430 4580 9410 14 100 27 200 43 300 76 500 156100 — 
250 1030 2160 4060 8340 12 500 24 100 38 400 67 800 138 400 
300 935 1950 3680 7560 11 300 21 800 34 800 61500 | 125400 
350 860 1800 3390 6950 10 400 20 100 32 000 56 500 115 300 | 
400 800 1670 3150 6470 9690 18 700 29 800 52 600 107 300 
450 1B 1570 2960 6070 9090 17 500 27 900 49 400 100 700 
500 709 1480 2790 5730 8590 16 500 26 400 46 600 92 100% 4) 
550 673 1410 2650 5450 8160 15 700 25 000 44 300 90 300 | 
600 642 1340 2530 5200 7780 15 000 23 900 42 200 86 200 
650 615 1290 2420 4980 7450 14 400 22 900 40 500 82500 | 
700 591 1240 2330 4780 7160 13 800 22 000 38 900 79300 | 
750 569 1190 2240 4600 6900 13 300 21 200 37 400 76 400 | 
800 550 1150 2170 4450 6660 12 800 20 500 36 200 73700 | 
850 po2 1110 2100 4300 6450 12 400 19 800 35 000 71 400 | 
900 516 1080 2030 4170 6250 12 000 19 200 33 900 69200 | 
950 501 1050 1970 4050 6070 11 700 18 600 32 900 67 200 
1000 487 1020 1920 3940 5900 11 400 18 100 32 000 65400 | 
1100 463 968 1820 3740 5610 10 800 17 200 30 400 62100 | 
1200 442 923 1740 3570 5350 10 300 16 400 29 000 59 200 
1300 423 884 1670 3420 5120 9870 15 700 27 800 56700 | 
1400 406 849 1600 3280 4920 9480 15 100 26 700 54 500 | 
1500 391 818 1540 3160 4740 9130 14 600 25 700 52500 | 
1600 378 790 1490 3060 4580 8820 14 100 24 800 50 700 
1700 366 765 1440 2960 4430 8530 13 600 24 000 49 000 
1800 355 741 1400 2870 4300 8270 13 200 23 300 47 600 
1900 344 720 1360 2780 4170 8040 12 800 22 600 46 200 
2000 335 700 1320 2710 4060 7820 12 500 22 000 44 900 
For SI units: 1 inch = 25 mm, 1 foot = 304.8 mm, 1000 British thermal units per hour = 0.293 kW, 1 pound-force per square inch = 6.8947 kPa 
* Table entries are rounded to 3 significant digits. 
2022 CALIFORNIA MECHANICAL CODE 301 


FUEL GAS PIPING 


TABLE 1315.2(26) 4 
SCHEDULE 40 METALLIC PIPE [NFPA 54: TABLE 6.3.1(c)]* 
‘ GAS: UNDILUTED PROPANE 
INLET PRESSURE: |2.0 psi 
PRESSURE DROP: 1.0 psi 
SPECIFIC GRAVITY: | 1.50 J 
INTENDED USE: PIPE SIZING BETWEEN 2 PSIG SERVICE AND LINE PRESSURE REGULATOR 
PIPE SIZE (inch) 
NOMINAL: % % 1 1% 1% 2 2" 3 4 
ACTUAL ID: 0.622 0.824 1.049 1.380 1610 | 2.067 2.469 3.068 4.026 
price iH CAPACITY IN THOUSANDS OF BTU PER HOUR 

10 2680 5590 10 500 21 600 32 400 62 400 99500 | 176000 | 359 000 
20 1840 3850 7240 14 900 22 300 42 900 68 400 121 000 247 000 
30 1480 3090 5820 11 900 17 900 34 500 54 900 97100 | 198000 
40 1260 2640 4980 10 200 15 300 29 500 47 000 83 100 170 000 
50 1120 | 2340 4410 9060 13 600 | 26 100 41 700 % 73 700 150 000 
60 1010 2120 4000 8210 12 300 23 700 37 700 66 700 136 000 
70 934 1950 3680 7550 11 300 21 800 34 700 61 400 125 000 
80 869 1820 3420 7020 10 500 20 300 32 300 57 100 116 000 
90 815 1700 3210 6590 9880 19 000 30 300 53 600 109 000 
100 770 1610 3030 | 6230 9330 18 000 28 600 50 600 103 000 
125 682 1430 2690 5520 8270 15 900 25 400 44 900 91 500 
150 618 1290 2440 5000 7490 14 400 23 000 40 700 82 900 
175 569 1190 2240 4600 6890 13 300 21 200 37 400 76 300 
200 529 1110 2080 4280 6410 12 300 19 700 34 800 71 000 
yR50L 1 | 414699 981 1850 3790 5680 10 900 17400 | 30800 | 62900 
300 425 889 1670 3440 5150 9920 15 800 27 900 57 000 
350 391 817 1540 3160 4740 9120 14 500 25 700 52 400 
400 364 760 1430 2940 4410 8490 13 500 23 900 48 800 
450 341 714 1340 2760 4130 7960 12700 | 22.400 45 800 
500 322 674 1270 2610 3910 7520 12 000 21 200 43 200 
550 306 640 1210 | 2480 3710 7140 11 400 20 100 41 100 
600 292 611 1150 2360 3540 6820 10 900 19 200 39 200 
650 280 585 1100 2260 3390 6530 10 400 18 400 37 500 
700 269 562 1060 2170 3260 6270 9990 17 700 36 000 
750 259 541 1020 | 2090 3140 6040 9630 17 000 | 34 700 
800 250 523 985 2020 3030 5830 9300 16 400 33 500 
850 242 506 953 1960 2930 5640 9000 15 900 32 400 
900 235 490 924 1900 2840 5470 8720 15 400 31 500 
950 228 476 897 1840 2760 5310 8470 15 000 30 500 
1000 222 | 463 873 1790 2680 5170 8240 14 600 t 29 700 
1100 210 440 829 1700 2550 4910 7830 13800 | 28200 
1200 201 420 791 1620 2430 4680 7470 13 200 26 900 
1300 192 402 757 1550 2330 4490 7150 12 600 25 800 
1400 185 386 727 1490 2240 4310 6870 12100 | 24800 
1500 178 372 iff 701 1440 2160 4150 6620 11 700 23 900 
1600 172 359 677 1390 2080 4010 | 6390 11 300 23 000 
1700 166 348 655 1340 2010 3880 | 6180 10 900 22 300 
1800 161 837, 635 1300 1950 3760 6000 10 600 21 600 
1900 iS/ B27; 617 1270 1900 3650 5820 10300 | 21000 

2000 152 f 318 600 1230 1840 3550 5660 10 000 20400 | 


For SI units: 1 inch = 25 mm, | foot = 304.8 mm, 1000 British thermal units per hour = 0.293 kW, | pound-force per square inch = 6.8947 kPa 
* Table entries are rounded to 3 significant digits. 


302 2022 CALIFORNIA MECHANICAL CODE 


FUEL GAS PIPING 


B® TABLE 1315.2(27) 


SCHEDULE 40 METALLIC PIPE [NFPA 54: TABLE 6.3.1(d)]* 


GAS: | UNDILUTED PROPANE 
INLET PRESSURE: | 11.0 in. w.c. 
PRESSURE DROP: | 0.5 in. w.c. 
SPECIFIC GRAVITY: | 1.50 
"INTENDED USE: PIPE SIZING BETWEEN SINGLE OR SECOND STAGE (LOW PRESSURE) REGULATOR AND APPLIANCE 
PIPE SIZE (inch) 
ator: . WY i, 1 1% 1% 2 2% 3 4 
ACTUAL ID: 0.622 0.824 1.049 1.380 1.610 2.067 2.469 3.068 4.026 
LENGTH 
(feet) CAPACITY IN THOUSANDS OF BTU PER HOUR 
10 291 608 1150 2350 3520 6790 10 800 19 100 39 000 
20 200 418 787 1620 2420 4660 7430 13 100 26 800 
30 160 336 632 1300 1940 3750 5970 10 600 21 500 
40 137 287 541 1110 1660 3210 5110 9030 18 400 
50 122 255 480 985 1480 2840 4530 8000 16 300 
60 110 gai: 1 getis4 892 1340 2570 4100 7250 14 800 
80 101 212 400 821 1230 2370 3770 6670 13 600 
100 94 197 372 763 1140 2200 3510 6210 12 700 
125 89 185 349 716 1070 2070 3290 5820 11 900 
150 84 175 330 677 1010 1950 3110 5500 11 200 
175 74 155 292 600 899 1730 2760 4880 9950 
200 67 140 265 543 814 1570 2500 4420 9010 
250 62 129 243 500 749 1440 2300 4060 8290 
300 58 120 227 465 697 1340 2140 3780 7710 
eo) 25s | aS 107 201 412 618 1190 1900 3350 6840 
400 46 97 182 373 560 1080 1720 3040 6190 
450 42 89 167 344 515 991 1580 2790 5700 
500 40 83 156 320 479 922 1470 2600 5300 
550 37 78 146 300 449 865 1380 2440 4970 
600 35 2B 138 283 424 817 1300 2300 4700 
650 33 70 131 269 403 716 1240 2190 4460 
700 32 66 125 257 385 741 1180 2090 4260 
750 30 64 120 246 368 709 1130 2000 4080 
800 29 61 115 236 354 681 1090 1920 3920 
850 28 59 111 227 341 656 1050 1850 3770 
900 27 57 107 220 329 634 1010 1790 3640 
950 26 55 104 213 319 613 978 1730 3530 
1000 25 53 100 206 309 595 948 1680 3420 
1100 25 52 97 200 300 578 921 1630 3320 
1200 24 50 95 195 292 562 895 1580 3230 
1300 23 48 90 185 oa 534 850 1500 3070 
1400 Dy) 46 86 176 264 509 811 1430 2930 
1500 24 44 82 169 253 487 vig 1370 2800 
1600 20 42 79 162 243 468 746 1320 2690 
1700 19 40 16 156 234 451 719 1270 2590 
1800 19 39 74 15] 226 436 694 1230 2500 
1900 18 38 71 146 219 422 672 1190 2420 
2000 18 37 69 142 212 409 652 LISD ligeaic0. | 


For SI units: 1 inch = 25 mm, | foot = 304.8 mm, 1000 British thermal units per hour = 0.293 kW, | inch water column = 0.249 kPa 
* Table entries are rounded to 3 significant digits. 


2022 CALIFORNIA MECHANICAL CODE 303 


FUEL GAS PIPING 


TABLE 1315.2(28) ( 4 
SEMI-RIGID COPPER TUBING [NFPA 54: TABLE 6.3.1(e)]? 


GAS: | UNDILUTED PROPANE 
INLET PRESSURE: | 10.0 psi 
PRESSURE DROP: |1.0 psi 
SPECIFIC GRAVITY: | 1.50 
INTENDED USE: TUBE SIZING BETWEEN FIRST STAGE (HIGH PRESSURE) REGULATOR AND SECOND STAGE (LOW PRESSURE) REGULATOR 
TUBE SIZE (inch) 
Rees Way note 7 % Y, 5 % 1 1% 1% 2 
ACR: % Yp 5 % 7; 1% 1% 7 a 
OUTSIDE: 0.375 0.500 0.625 0.750 0.875 1.125 4.375 1.625 2.125 
INSIDE: 0.305 0.402 0.527 0.652 0.745 0.995 1.245 1.481 1.959 
LENGTH (feet) CAPACITY IN THOUSANDS OF BTU PER HOUR 
10 513 1060 2150 3760 5330 11 400 20 500 32 300 67 400 
20 352 OM, 1480 2580 3670 7830 14 100 22 200 46 300 
30 283 584 1190 2080 2940 6290 11 300 17 900 37 200 
40 242 500 1020 1780 2520 5380 9690 15 300 31 800 
50 215 443 901 1570 2230 4770 8590 13 500 28 200 
60 194 401 816 1430 2020 4320 7780 12 300 25 600 
70 179 369 Wl 1310 1860 3980 7160 11 300 23 500 
80 166 343 699 1220 1730 3700 6660 10 500 21 900 
90 156 B22 655 1150 1630 3470 6250 9850 20 500 
100 147 304 619 1080 1540 3280 5900 9310 19 400 
25 131 270 549 959 1360 2910 5230 8250 17 200 
150 118 244 497 869 1230 2630 4740 7470 15 600 
LenS 109 DDS 457 799 1130 2420 4360 6880 14 300 
200. 101 209 426 744 1060 2250 4060 6400 13 300 
250 90 185 Sa 659 935 2000 3600 5670 11 800 
300 81 168 342 597 847 1810 3260 5140 10 700 
350 1D 155 314 549 779 1660 3000 4736 9840 
400 70 144 292 Syl 25 1550 2790 4400 9160 
450 65 135 274 480 680 1450 2620 4130 8590 
500 62 127i 259 453 643 1370 2470 3900 8120 
Sxl) 59 DAI 246 430 610 1300 2350 3700 7710 
600 56 115 235 410 582 1240 2240 3530 7350 
650 54 111 225 393 558 1190 2140 3380 7040 
700 Sil 106 216 378 536 1140 2060 3250 6770 
750 50 102 208 364 516 1100 1980 3130 6520 
800 48 99 201 351 498 1060 1920 3020 6290 
850 46 96 195 340 482 1030 1850 2920 6090 
900 45 93 189 330 468 1000 1800 2840 5910 
950 44 90 183 320 454 970 1750 2750 5730 
1000 42 88 178 3 il 442 944 1700 2680 5580 
1100 40 83 169 296 420 896 1610 2540 5300 
1200 38 719 161 282 400 855 1540 2430 5050 
1300 yi 76 155 270 383 819 1470 2320 4840 
1400 35 I 148 260 368 787 1420 2230 4650 
1500 34 70 143 250 355 758 1360 2150 4480 
1600 33 68 138 241 343 WED 1320 2080 4330 
1700 32 66 134 234 331 708 1270 2010 4190 
1800 31 64 130 Pop heh SYA 687 1240 1950 4060 
1900 30 62 126 220 312 667 1200 1890 3940 
2000 29 60 122 214 304 648 1170 1840 3830 


For SI units: 1 inch = 25 mm, | foot = 304.8 mm, 1000 British thermal units per hour = 0.293 kW, | pound-force per square inch = 6.8947 kPa 
Notes: 

' Table capacities are based on Type K copper tubing inside diameter (shown), which has the smallest inside diameter of the copper tubing products. 
* Table entries are rounded to 3 significant digits. 


304 2022 CALIFORNIA MECHANICAL CODE 


| a 


TABLE 1315.2(29) 


SEMI-RIGID COPPER TUBING [NFPA 54: TABLE 6.3.1(f)]*? 


FUEL GAS PIPING 


GAS: | UNDILUTED PROPANE 
INLET PRESSURE: | 11.0 in. w.c. 
PRESSURE DROP: | 0.5 in. w.c. 
SPECIFIC GRAVITY: | 1.50 
INTENDED USE: TUBE SIZING BETWEEN SINGLE OR SECOND STAGE (LOW PRESSURE) REGULATOR AND APPLIANCE 
TUBE SIZE (inch) 
K & L: Ya % ” % Y 1 1% AV 2 
NOMINAL: 
ACR: % Ya % Ya % 1% 1% = = 
OUTSIDE: 0.375 0.500 0.625 0.750 0.875 1.125 1.375 1.625 2.125 
INSIDE: ! 0.305 0.402 0.527 0.652 0.745 0.995 1.245 1.481 1.959 
LENGTH (feet) CAPACITY INTHOUSANDS OF BTU PER HOUR 
10 45 93 188 329 467 997 1800 2830 5890 
20 31 64 129 226 321 685 1230 1950 4050 
30 25 51 104 182 258 550 991 1560 3250 
40 21 se 89 155 220 471 848 1340 2780 
50 19 39 79 138 195 417 oe 1180 2470 
60 17 35 a 125 177 378 681 1070 2240 
70 16 a2 66 115 163 348 626 988 2060 
80 15 30 61 107 152 324 583 919 1910 
90 14 28 37 100 142 304 547 862 1800 
100 13 27 54 95 134 287 517 814 1700 
125 11 24 48 84 ihe) 254 458 I22z 1500 
150 10 21 44 76 108 230 415 654 1360 
175 NA 20 40 70 99 212 382 602 1250 
200 NA 18 37 65 92 197 355 560 1170 
250 NA 16 33 58 82 175 315 496 1030 
300 NA 15 30 ae 74 158 285 449 936 
350 NA 14 28 48 68 146 262 414 861 
400 NA £3 26 45 63 136 244 385 801 
450 NA 12 24 42 60 127 229 361 HOD 
500 NA 1] 23 40 56 120 216 341 710 
550 NA 11 Ze 38 53 114 205 324 674 
600 NA 10 Zi 36 ou 109 196 — 309 643 
650 NA NA 20 34 49 104 188 296 616 
700 NA NA 6) 33 47 100 180 284 p92 
750 NA NA 18 32 45 96 174 274 570 
800 NA NA 18 31 abet 93 168 264 251 
850 NA NA 17 30 42 90 162 256 533 
900 NA NA 17 29 4] 87 Loz 248 517 
950 NA NA 16 28 40 85 [33 241 502 
1000 NA NA 16 Deal 23 83 149 234 488 
1100 NA NA 15 26 37 78 141 223 464 
1200 NA NA 14 2 58) fis) t35 212 442 
1300 NA NA 14 24 34 72 129 203 423 
1400 NA NA 13 23 32 69 124 195 407 
1500 NA NA 13 22 31 66 119 188 392 
1600 NA NA 12 va 30 64 115 182 378 
1700 NA NA WA 20 29 62 12 176 366 
1800 NA NA 11 20 28 60 108 170 355 
1900 NA NA 1] 19 Zu 58 105 166 345 
2000 NA NA 11 19 2a i 102 161 335 


For SI units: 1 inch = 25 mm, 1 foot = 304.8 mm, 1000 British thermal units per hour = 0.293 kW, 1 inch water column = 0.249 kPa 


Notes: 


' Table capacities are based on Type K copper tubing inside diameter (shown), which has the smallest inside diameter of the copper tubing products. 


? Table entries are rounded to 3 significant digits. 
3 NA means a flow of less than 10 000 Btu/h (2.93 kW). 


2022 CALIFORNIA MECHANICAL CODE 


305 


FUEL GAS PIPING 


TABLE 1315.2(30) (@ 
SEMI-RIGID COPPER TUBING [NFPA 54: TABLE 6.3.1(g)]* ‘ 


GAS: | UNDILUTED PROPANE 
INLET PRESSURE: 2.0 psi 
PRESSURE DROP: Baas psi 
SPECIFIC GRAVITY: | 1.50 
INTENDED USE: TUBE SIZING BETWEEN 2 PSIG SERVICE AND LINE PRESSURE REGULATOR : a 
TUBE SIZE (inch) 
K &L: Vs % Vp % % 1 1% 1% 2 
NOMINAL: i. = 
ACR: % \~p % % % 1% 1% - - 
OUTSIDE: 0.375 0.500 0.625 0.750 0.875 1.125 1.375 | 1.625 2.125 
INSIDE:' 0.305 0.402 0.527 0.652 0.745 0.995 1.245 1.481 1.959 
LENGTH (feet) CAPACITY IN THOUSANDS OF BTU PER HOUR 
10 413 852 1730 3030 4300 9170 16 500 26 000 54 200 
20 284 585 1190 2080 2950 6310 11 400 17 900 37 300 
30 228 470 956 1670 2370 5060 9120 14 400 29 900 
40 195 402 818 1430 2030 4330 7800 12 300 25 600 
50 Jock 356 725 1270 1800 4 3840 6920 j JO 900 22 700 
60 157 323 657 1150 1630 3480 6270 9880 20 600 
70 144 297 605 1060 1500 3200 5760 9090 18 900 
80 134 276 562 983 1390 2980 5360 8450 17 600 
90 126 259 528 922 1310 2790 5030 7930 16 500 
100 119 245 498 871 1240 2640 4750 7490 15 600 
125 105 217 442 772 1100 2340 4210 6640 13 800 
150 95 197 400 700 992 2120 3820 6020 12 500 
175 88 181 368 644 913 1950 3510 5540 11 500 
200 82 168 343 599 849 1810 3270 5150 10 700 
250 ‘tz 149 304 531 do3 1610 2900 4560 9510 
300 66 135 aio 481 682 1460 2620 4140 8610 
350 60 124 253 442 628 1340 2410 3800 7920 
400 56 116 235 411 584 1250 2250 3540 7370 
450 53 109 221 386 548 1170 2110 3320 6920 
500 50 103 209 365 | 517 1110 1990 | 3140 6530 
550 47 97 198 346 491 1050 1890 2980 6210 
600 45 93 189 330 469 1000 1800 2840 5920 
650 43 89 181 316 449 959 1730 2720 5670 
700 41 86 174 304 431 921 1660 2620 5450 
750 40 82 168 293 | 415 888 1600 2520 5250 
800 39 80 162 283 401 857 1540 2430 5070 
850 37, ri) 157 274 388 829 1490 2350 4900 
900 36 fis) 152 265 376 804 1450 2280 4750 
950 35 qP? 147 258 366 781 1410 2220 4620 
1000 34 71 143 [| 251 356 | 760 1370 2160 4490 
1100 32 67 136 238 338 a1 1300 2050 4270 
1200 34 64 130 22d; 322 688 1240 1950 4070 
1300 30 61 124 217 309 659 1190 1870 3900 
1400 28 59 120 209 296 633 1140 1800 3740 
1500 ph 27 =i) LS, 201 286 610 1100 AM 17/30 3610 
1600 26 55 111 194 276 589 1060 1670 3480 
1700 26 et 108 188 267 570 1030 1620 3370 
1800 25 51 104 182 259 553 1000 1570 3270 
1900 24 50 101 177 251 537 966 1520 3170 
2000 _ 23 48 99 172 244 522 940 1480 3090 
For SI units: 1 inch = 25 mm, | foot = 304.8 mm, 1000 British thermal units per hour = 0.293 kW, 1 pound-force per square inch = 6.8947 kPa & 
Notes: 


' Table capacities are based on Type K copper tubing inside diameter (shown), which has the smallest inside diameter of the copper tubing products. 
? Table entries are rounded to 3 significant digits. 


306 2022 CALIFORNIA MECHANICAL CODE 


TABLE 1315.2(31) 


CORRUGATED STAINLESS STEEL TUBING (CSST) [NFPA 54: TABLE 6.3.1(h)]'*2 


FUEL GAS PIPING 


GAS: 


UNDILUTED PROPANE 


INLET PRESSURE: 


11.0 in. w.c. 


PRESSURE DROP: 


0.5 in. w.c. 


SPECIFIC GRAVITY: 


1.50 


“INTENDED USE: CSST SIZING BETWEEN SINGLE OR SECOND STAGE (LOW PRESSURE) REGULATOR AND APPLIANCE SHUTOFF VALVE 


TUBE SIZE (EHD)* 
FLOW DESIGNATION:| 13 | 15 | 18 19 23 25 | 30 31 37 39 4 | 48 60 62 
LENGTH (feet) CAPACITY IN THOUSANDS OF BTU PER HOUR 

5 72 | 99 | 181 | 211 355 | 426 | 744 863 1420 | 1638 2830 3270 5780 6550 
10 50 | 69 | 129 150 | 254 | 303 | 521 605 971 1179 1990 2320 4110 4640 
IS) 39 | 55 | 104) 121 | 208 | 248 | 422 490 775 972 1620 1900 3370 3790 
20 34 | 49 | 91 106 | 183 | 216 | 365 | 425 661 847 1400 | 1650 2930 3290 
2a 300) 4240682 94 164 192325 379 583 762 1250 1480 2630 2940 
30 28 | 39 | 74 87 151 lL hele 297, 344 528 698 1140 1350 2400 2680 
40 23, 33 64 74 131 153 | 256 297 449 610 988 1170 2090 2330 
50 20 | 30 | 58 66 118 137 | D2 265 397 548 884 1050 1870 2080 
60 198% 26 WS53 60 107 126 | 207 241 359 502 805 961 1710 1900 
70 TPR 23'ape4dg 57 99 117 191 222 330 466 745 890 1590 1760 
80 ba 23 hedd 52 94 109 178 208 307 438 696 833 1490 1650 
90 15 | 22 | 44 50 90 102 169 197 286 414 656 787 1400 1550 
100 14 | 20 | 41 47 85 98 159 186 270 393 621 746 1330 1480 
150 11 Ses 36 66 1 123 143 217 324 506 611 1090 1210 
200 9 14 | 28 33 60 69 112 129 183 283 438 531 948 1050 
250 8 I Fes) 30 53 61 99 117 163 254 390 476 850 934 
300 8 11 23 26 50 Si, 90 107 [ 147 234 357 434 WY) 854 


For SI units: 1 foot = 304.8 mm, 1000 British thermal units per hour = 0.293 kW, | inch water column = 0.249 kPa 


Notes: 


' Table includes losses for four 90 degree (1.57 rad) bends and two end fittings. Tubing runs with larger numbers of bends, fittings, or both shall be increased 
by an equivalent length of tubing to the following equation: L = 1.3 n, where L is additional length (ft) of tubing and n is the number of additional fittings, 


bends, or both. 


2 Table entries are rounded to 3 significant digits. 


3 EHD = Equivalent Hydraulic Diameter, which is a measure of the relative hydraulic efficiency between different tubing sizes. The greater the value of EHD, 
the greater the gas capacity of the tubing. 


2022 CALIFORNIA MECHANICAL CODE 


307 


FUEL GAS PIPING 


TABLE 1315.2(32) @ 
CORRUGATED STAINLESS STEEL TUBING (CSST) [NFPA 54: TABLE 6.3.1(i)]'» 2: > 4 
[ | GAS: | UNDILUTED PROPANE 
| INLET PRESSURE: | 2.0 psi 
PRESSURE DROP: | 1.0 psi 
SPECIFIC GRAVITY: | 1.50 
"INTENDED USE: CSST SIZING BETWEEN 2 PSIG SERVICE AND LINE PRESSURE REGULATOR st . 
TUBE SIZE (EHD)° 
FLOW DESIGNATION:| 13 15 18 19 23 25 30 31 37 39 46 48 60 62 
LENGTH (feet) CAPACITY IN THOUSANDS OF BTU PER HOUR 
10 426 | 558 | 927 | 1110 | 1740 | 2170 | 4100 | 4720 | 7130 | 7958 | 15200 | 16800 | 29400 | 34200 
| 25 262 | 347 | 591 | 701 | 1120 | 1380 | 2560 | 2950 | 4560 | 5147 | 9550 | 10700 | 18800 | 21700 
30 238 | 316 | 540 | 640 | 1030 | 1270 | 2330 |} 2690 | 4180 | 4719 | 8710 | 9790 | 17200 | 19800 
40 203 | 271 | 469 | 554 | 896 | 1100 | 2010} 2320 | 3630 | 4116 | 7530 | 8500 | 14900 | 17200 
50 181 | 243 | 420 | 496 | 806 | 986 | 1790 | 2070 | 3260 | 3702 | 6730 | 7610 | 13400 | 15400 
75 | 147| 196 | 344] 406 | 663 | 809 | 1460| 1690 | 2680 | 3053 | 5480 | 6230 | 11000 | 12600 
80 140 | 189 | 333 | 393 | 643 | 768 | 1410} 1630 | 2590 | 2961 | 5300 | 6040 | 10600 | 12200 
100 124 | 169 | 298 | 350 | 578 | 703 | 1260| 1450 | 2330 | 2662 | 4740 | 5410 9530 | 10900 
150 101 | 137 | 245 | 287 | 477 | 575 | 1020} 1180 | 1910 | 2195 | 3860 | 4430 7810 8890 
200 86 | 118 | 213 | 248 | 415 | 501 | 880 | 1020 | 1660 | 1915 | 3340 | 3840 6780 7710 
250 77 | 105 | 191 | 222 | 373 | 448 | 785 910 | 1490 | 1722 | 2980 | 3440 6080 6900 
300 69°) 96 | 175, | 203") 345" 411 NEI716 82955) 1560" hl 57o 2 20e4™= 3150 5560 6300 
400 60H $2-|- 15) |} 17S} 298-355 4616-21716 Be 11604) °1376 f° 2850_ Ge 2730 4830 5460 
500 53 | 72 | 135 | 158 | 268 | 319 | 550 | 638 | 1030 | 1237 | 2100 | 2450 4330 | 4880 
For SI units: 1 foot = 304.8 mm, 1000 British thermal units per hour = 0.293 kW, 1 pound-force per square inch = 6.8947 kPa 


Notes: 

' Table does not include effect of pressure drop across the line regulator. Where regulator loss exceeds 0.5 psi (3.4 kPa) [based on 13 inch water column (3.2 
kPa) outlet pressure], DO NOT use THIS TABLE. Consult with regulator manufacturer for pressure drops and capacity factors. Pressure drops across a regu- 
lator are capable of varying with flow rate. 

CAUTION: Capacities shown in table are capable of exceeding the maximum capacity for a selected regulator. Consult with regulator or tubing manufac- 
turer for guidance. 

Table includes losses for four 90 degree (1.57 rad) bends and two end fittings. Tubing runs with larger numbers of bends, fittings, or both shall be increased by 
an equivalent length of tubing to the following equation: L = 1.3 n, where L is additional length (ft) of tubing and 7 is the number of additional fittings, bends, or 
both. 

Table entries are rounded to 3 significant digits. 

EHD = Equivalent Hydraulic Diameter, which is a measure of the relative hydraulic efficiency between different tubing sizes. The greater the value of EHD, 
the greater the gas capacity of the tubing. 


NR 


Ww 


vn 


308 2022 CALIFORNIA MECHANICAL CODE 


FUEL GAS PIPING 


@ TABLE 1315.2(33) 


CORRUGATED STAINLESS STEEL TUBING (CSST) [NFPA 54: TABLE 6.3.1(j)]'’? > 4 


GAS: | UNDILUTED PROPANE 
INLET PRESSURE: | 5.0 psi 
PRESSURE DROP: 3.5 psi 
SPECIFIC GRAVITY: | 1.50 
TUBE SIZE (EHD)° 
FLOW DESIGNATION: 13 | 15 | 18 | 19 | 23 | 25 | 30 | 31 37 39 | 46 a ee bee 
LENGTH (feet) CAPACITY IN THOUSANDS OF BTU PER HOUR 
10 826 | 1070 | 1710 | 2060 | 3150 | 4000 | 7830 | 8950 | 13 100) 14441 | 28600 | 31200 | 54400 | 63 800 
25 509 | 664 | 1090 | 1310 | 2040 | 2550 | 4860 | 5600 | 8400 | 9339 18000 | 19900 | 34700 | 40 400 
30 461 | 603 999 | 1190 | 1870 | 2340 | 4430 | 5100 | 7680 | 8564 16 400 | 18200 | 31700 | 36900 
40 396 | 520 867 | 1030 | 1630 | 2030 | 3820 | 4400 | 6680 | 7469 14200 | 15800 | 27600 | 32 000 
50 352 | 463 777 | 926 | 1460 | 1820 | 3410 | 3930 | 5990 | 6717 12 700 | 14100 | 24700 | 28 600 
75 284 | 376 | 637 757 | 1210 | 1490 | 2770 | 3190 | 4920 | 5539 10300 | 11600 | 20300 | 23 400 
80 275 | 363 | 618 731 | 1170 | 1450 | 2680 | 3090 | 4770 | 5372 9990 11200 | 19600 | 22700 
100 2451 SA Ph 53 656 | 1050 | 1300 | 2390 | 2760 | 4280 | 4830 8930 10000 | 17600 | 20300 
150 196 | 262 | 453 535 866 | 1060 | 1940 | 2240 | 3510 | 3983 7270 8210 14400 | 16600 
200 169-226) 393 464 | 755 | 923 | 1680 | 1930 | 3050 | 3474 6290 7130 12500 | 14400 
250 150 | 202 | 352 | 415 | 679 | 828 | 1490 | 1730 | 2740 | 3124 5620 6390 11200 | 12900 | 
300 136 | 183 322 a79) ) G22 757. | 1360U 1570) 2540" | } 2865 5120 5840 | 10300 | 11700 
400 Tigo), 1584 "279 328 542 | 657 | 1170 | 1360 | 2180 | 2498 4430 5070 | 8920 10 200 | 
500 104 | 140 | 251 294 | 488 | 589 | 1050 | 1210 | 1950 | 2247 3960 4540 | 8000 P9110 | 
For SI units: 1 foot = 304.8 mm, 1000 British thermal units per hour = 0.293 kW, 1 pound-force per square inch = 6.8947 kPa 
Notes: 
| Table does not include effect of pressure drop across the line regulator. Where regulator loss exceeds 0.5 psi (3.4 kPa) [based on 13 inch water column (3.2 kPa) out- 
®) let pressure], DO NOT USE THIS TABLE. Consult with regulator manufacturer for pressure drops and capacity factors. Pressure drops across a regulator are capa- 
ble of varying with flow rate. 


CAUTION: Capacities shown in table are capable of exceeding the maximum capacity for a selected regulator. Consult with regulator or tubing manufacturer for 
guidance. 

Table includes losses for four 90 degree (1.57 rad) bends and two end fittings. Tubing runs with larger numbers of bends, fittings, or both shall be increased by an equiv- 
alent length of tubing to the following equation: L = 1.3 n, where L is additional length (ft) of tubing and n is the number of additional fittings, bends, or both. 

Table entries are rounded to 3 significant digits. 

EHD = Equivalent Hydraulic Diameter, which is a measure of the relative hydraulic efficiency between different tubing sizes. The greater the value of EHD, the 
greater the gas capacity of the tubing. 


2022 CALIFORNIA MECHANICAL CODE 309 


FUEL GAS PIPING 


TABLE 1315.2(34) 
POLYETHYLENE PLASTIC PIPE [NFPA 54: TABLE 6.3.1(k)]* 


GAS: UNDILUTED PROPANE 
INLET PRESSURE: |11.0 in. w.c. 
PRESSURE DROP: 0.5 in. w.c. 
SPECIFIC GRAVITY: | 1.50 


INTENDED USE: PE PIPE SIZING BETWEEN INTEGRAL SECOND-STAGE REGULATOR AT TANK OR SECOND-STAGE 
(LOW PRESSURE) REGULATOR AND BUILDING 


PIPE SIZE (inch) 
NOMINALOD: eel fine aemat 1 | 1% 1% 2 3 4 
DESIGNATION: SDR 9.3 SDR 11 SDR 11 SDR 10 SDR 11 SDR 11 SDR 11 SDR 11 
ACTUAL ID: 0.660 0.860 1.077 1.328 1.554 1.943 2.864 3.682 
-_ LENGTH (feet) CAPACITY IN THOUSANDS OF BTU PER HOUR 
ON 819 340 680 1230 2130 3210 5770 16 000 30 900 
20 233 468 844 1460 2210 3970 11 000 21 200 
30 187 375 677 1170 170 3180 8810 17 000 
40 160 B21 580 1000 1520 2730 7540 14 600 
SO) ei ARI 285 514 390 1340 2420 6680 12 900 
60 129 258 466 807 1220 2190 6050 11 700 
70 119 IB 428 742 1120 2010 5570 10 800 
80 110 22) 398 690 1040 1870 5180 10 000 
90 | 103 207 374 648 978 1760 4860 9400 
100 98 196 3a5 612 924 1660 4590 8900 
125 | 87 7} S13 542 819 1470 4070 7900 
150 78 ov 284 491 742 1330 3690 7130 
175 12 145 261 452 683 1230 3390 6560 
200 67 135 243 420 635 1140 3160 6100 
SORA LIED 119 215 373 563 1010 2800 5410 
300 54 108 195 338 510 916 2530 4900 
350 50 99 179 ill 469 843 2330 4510 
400 46 92 167 289 436 784 2AGO 4190 
450 43 87 157 2 409 736 2040 3930 
500 41 82 148 256 387 695 1920 3720 


For SI units: 1 inch = 25 mm, | foot = 304.8 mm, 1000 British thermal units per hour = 0.293 kW, 1 inch water column = 0.249 kPa 
* Table entries are rounded to 3 significant digits. 


310 2022 CALIFORNIA MECHANICAL CODE 


FUEL GAS PIPING 


> TABLE 1315.2(35) 


POLYETHYLENE PLASTIC PIPE [NFPA 54: TABLE 6.3.1(I)]* 


GAS: | UNDILUTED PROPANE 
INLET PRESSURE: 2.0 psi __ 
PRESSURE DROP: |1.0 psi 
SPECIFIC GRAVITY: | 1.50 
INTENDED USE: PE PIPE SIZING BETWEEN 2 PSI SERVICE REGULATOR AND LINE PRESSURE REGULATOR 
PIPE SIZE (inch) 
NOMINAL OD: % Yq 1 1% 1% 2 3 4 
DESIGNATION: SDR 9.3 SDR 11 SDR 11 SDR 10 SDR 11 SDR 11 SDR 11 SDR 11 
" ACTUALID: 0.660 0.860 1.077 1.328 1.554 1.943 2.864 3.682 
LENGTH (feet) CAPACITY IN THOUSANDS OF BTU PER HOUR ~ 
10 3130 6260 11 300 19 600 29 500 53 100 147 000 284 000 
20 DSO 4300 7760 13 400 20 300 36 500 101 000 195 000 
30 1730 3450 6230 10 800 16 300 29 300 81 100 157 000 
40 1480 2960 5330 9240 14 000 25 100 69 400 134 100 
50 1310 2620 4730 8190 12 400 22 200 61 500 119 000 
60 1190 2370 4280 7420 11 200 20 100 55 700 108 000 
70 1090 2180 3940 6830 10 300 18 500 51 300 99 100 
80 1010 2030 3670 6350 9590 17 200 47 700 92 200 
90 952 1910 3440 5960 9000 16 200 44 700 86 500 
100 899 1800 3250 5630 8500 15 300 42 300 81 700 
D5) 797 1600 2880 4990 7530 13 500 37 500 72 400 
150 TD) 1450 2610 4520 6830 12 300 33 900 65 600 
-) 175 664 1330 2400 4160 6280 11 300 31 200 60 300 
: 200 618 1240 2230 3870 5840 10 500 29 000 56 100 
250 548 1100 1980 3430 5180 9300 25 700 49 800 
300 496 994 1790 3110 4690 8430 23 300 45 100 
350 457 914 1650 2860 4320 7760 21 500 41 500 
400 425 851 1530 2660 4020 7220 12 000 38 600 
450 399 798 1440 2500 3770 6770 18 700 36 200 
500 Sal 754 1360 2360 3560 6390 17 700 34 200 
550 358 716 1290 2240 3380 6070 16 800 32 500 
600 341 683 1230 2140 3220 5790 16 000 31 000 
650 327 654 1180 2040 3090 5550 15 400 29 700 
700 314 628 1130 1960 2970 5330 14 700 28 500 
750 302 605 1090 1890 2860 5140 14 200 27 500 
800 292 585 1050 1830 2760 4960 13 700 26 500 
850 283 566 1020 1770 2670 4800 13 300 25 700 
900 274 549 990 1710 2590 4650 12 900 24 900 
950 266 533 961 1670 2520 4520 12 500 24 200 
1000 259 518 935 1620 2450 4400 12 200 23 500. 
1100 246 492 888 1540 2320 4170 11 500 22 300 
1200 234 470 847 1470 2220 3980 11 000 21 300 
1300 Ha) 450 811 1410 2120 3810 10 600 20 400 
1400 216 432 779 1350 2040 3660 10 100 19 600 
1500 208 416 751 1300 1960 3530 9760 18900 
( 1600 201 402 25) 1260 1900 3410 9430 18 200 
1700 194 389 702 1220 1840 3300 9130 17 600 
> 1800 188 BVT 680 1180 1780 3200 8850 17 100 
1900 183 366 661 1140 1730 3110 8590 16 600 
2000 178 356 643 1110 1680 3020 8360 16 200 


For SI units: 1 inch = 25 mm, | foot = 304.8 mm, 1000 British thermal units per hour = 0.293 kW, 1 pound-force per square inch = 6.8947 kPa 
* Table entries are rounded to 3 significant digits. 
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TABLE 1315.2(36) 
POLYETHYLENE PLASTIC TUBING [NFPA 54: TABLE 6.3.1 (m)}? 
GAS: | UNDILUTED PROPANE 
INLET PRESSURE: | 11.0 in. w.c. 
PRESSURE DROP: | 0.5 in. w.c. 
SPECIFIC GRAVITY: | 1.50 
INTENDED USE: SIZING BETWEEN INTEGRAL 
2-STAGE REGULATOR AT TANK OR SECOND-STAGE 
(LOW PRESSURE REGULATOR) AND THE BUILDING 
PLASTIC TUBING SIZE (CTS)! (inch) 
NOMINAL OD: \p 1 I 
DESIGNATION: SDR7 SDR 11 
ACTUAL ID: 0.445 0.927 
LENGTH (feet) i CAPACITY IN THOUSANDS OF BTU PER HOUR 
10 t21 828 
20 83 569 
30 67 457 
40 aiff 391 
50 51 347 
60 46 314 
70 42 289 
80 39 269 
90 oy 252 
100 35 238 | 
125 31 DAl 
150 28 191 
175 26 176 
200 24 164 
vi 5a) 22 154 
250 21 145 
209 20 138 
300 19 132 
350 18 121 
400 16 113 
450 15 106 
500 15 100 


For SI units: 1 inch = 25 mm, | foot = 304.8 mm, 1000 British thermal units per 
hour = 0.293 kW, | inch water column = 0.249 kPa 

Notes: 

' CTS = Copper tube size. 

? Table entries are rounded to 3 significant digits. 
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CALIFORNIA MECHANICAL CODE — MATRIX ADOPTION TABLE 
CHAPTER 14 — PROCESS PIPING 
(Matrix Adoption Tables are non-regulatory, intended only as an aid to the code user. See Chapter 1 for state agency authority and building applications.) 
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CHAPTER 14 
PROCESS PIPING 


1401.0 General. 


1401.1 Applicability. Except as otherwise addressed in this 
code, this chapter shall govern the installation of process pip- 
ing in or in conjunction with a building or structure located 
upon the premises. 


1402.0 Permit. 


1402.1 General. It shall be unlawful to install, alter, or 
repair or cause to be installed, altered, or repaired process 
material piping without first obtaining a permit. 


Permits for process piping shall show the total number of 
outlets to be provided for on each system and such other 
information as required by the Authority Having Jurisdiction. 


Fees for process piping permits are included in Table 104.5. 


1403.0 Plans Required. 


1403.1 General. Plans, engineering calculations, diagrams, 
and other data shall be submitted in one or more sets with 
each application for a permit. The Authority Having Juris- 
diction shall be permitted to require plans, computations, and 
specifications to be prepared and designed by a registered 
design professional. 


Where plans or other data are submitted for review, a 
plan review fee shall be paid, as provided in Section 104.3.2. 


1404.0 Workmanship. 


1404.1 General. Process piping shall not be strained or bent, 
nor shall tanks, vessels, vats, appliances, or cabinets be sup- 
ported by or develop strain or stress on the piping. 


1405.0 Inspections. 


1405.1 General. Upon completion of the installation, alter- 
ation, or repair of process piping, and prior to the use thereof, 
the Authority Having Jurisdiction shall be notified that such 
piping is ready for inspection. 

Excavations required for the installation of underground 
piping shall be kept open until such time as the piping has 
been inspected and approved. Where such piping is covered 
or concealed before such approval, it shall be exposed upon 
the direction of the Authority Having Jurisdiction. 


1405.2 Required Inspections. The Authority Having 
Jurisdiction shall make the following inspections and shall 
either approve that portion of the work as completed or shall 
notify the permit holder wherein the same fails to be in accor- 
dance with this code. 


1405.2.1 Rough Piping Inspection. This inspection 
shall be made after process piping authorized by the per- 
mit has been installed and before piping has been coy- 
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ered or concealed. This inspection shall include a deter- 
mination that the piping size, material, and installation 
are in accordance with the requirements of this code. 


1405.2.2 Final Piping Inspection. This inspection 
shall be made after piping authorized by the permit has 
been installed and after portions thereof that are to be cov- 
ered or concealed are so concealed. This inspection shall 
include a pressure test, at which time the piping shall 
stand a pressure of not less than one-and-one-half times 
the maximum designed operating pressure where 
hydraulic testing is conducted or 110 percent where test- 
ing is conducted pneumatically. Test pressures shall be 
held for a length of time satisfactory to the Authority Hay- 
ing Jurisdiction, but in no case for less than 30 minutes 
with no perceptible drop in pressure. HPM drain, waste, 
and vent piping shall be tested in accordance with the 
plumbing code. Tests shall be made in the presence of the 
Authority Having Jurisdiction. Necessary apparatus for 
conducting tests shall be furnished by the permit holder. 


1405.3 Other Inspections. In addition to the inspections 
required by this section, the Authority Having Jurisdiction 
shall be permitted to require a special inspector, as specified 
in the building code, during installation of piping systems. In 
cases where the work authorized was installed in accordance 
with plans and specifications prepared by a registered design 
professional, the Authority Having Jurisdiction shall be per- 
mitted to require a final signed report stating that the work 
was installed in accordance with approved plans and specifi- 
cations and the applicable provisions of this chapter. 


1406.0 Pipe, Tubing, and Fittings. 


1406.1 General. Process pipe, tubing, and fittings shall 
comply with ASME B31.3 and shall be installed in accor- | 
dance with the manufacturer’s installation instructions. Mate- 
rials shall be rated for the operating temperatures and 
pressures of the system, and shall be compatible with the type 
of liquid. 
1406.2 Hazardous Process Piping (HPP). HPP supply 
piping or tubing in service corridors shall be exposed to view. 
HPP piping shall be identified in accordance with nationally 
recognized standards to indicate the material being trans- 
ported. Liquid HPP piping shall have an approved means for 
directing spilled materials to an approved containment or 
drainage system. 

Liquid HPP waste or drainage systems shall be installed 
in accordance with the plumbing code. 

1406.2.1 Installation in Exit Corridors and Above 

Other Occupancies. Hazardous process supply pipe 

shall not be located within exit corridors, within a portion 

of a means of egress required to be enclosed in fire-resis- 

tive construction, or in concealed spaces in or above 
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areas not classified as Group H Occupancies, except as 
permitted by this subsection. 


Hazardous production material piping and tubing 
shall be permitted to be installed within the space 
defined by the walls of exit corridors and the floor or 
roof above, or in concealed spaces above other occu- 
pancies in accordance with Section 1406.2.1.1 through 
Section 1406.2.1.6. 


1406.2.1.1 Automatic Sprinklers. Automatic 
sprinklers shall be installed within the space unless 
the space is less than 6 inches (152 mm) in the least 
dimension. 


1406.2.1.2 Ventilation. Ventilation at not less than 
6 air changes per hour (ACH) shall be provided. The 
space shall not be used to convey air from other 
areas. 


1406.2.1.3 Receptor. Where the piping or tubing is 
used to transport HPP liquids, a receptor shall be 
installed below such piping or tubing. The receptor 
shall be designed to collect discharge or leakage and 
drain it to an approved location. The | hour enclo- 
sure shall not be used as part of the receptor. 


1406.2.1.4 Separation. HPP supply piping and tub- 
ing and HPP nonmetallic waste lines shall be sepa- 
rated from the exit corridor and from an occupancy 
other than a semi-conductor fabrication facility clas- 
sified as a Group H Occupancy by construction, as 
required for walls or partitions that have a fire-pro- 
tection rating of not less than | hour. Where gypsum 
wallboard is used, joints on the piping side of the 
enclosure need not be taped, provided the joints 
occur over framing members. Access openings into 
the enclosure shall be protected by approved fire 
assemblies. 


1406.2.1.5 Emergency Shutoff Valves. Readily 
accessible manual or automatic remotely activated 
fail-safe emergency shutoff valves shall be installed 
on piping and tubing other than waste lines at the fol- 
lowing locations: 


(1) At branch connections into the fabrication area. 


(2) At entries into exit corridors. Excess flow 
valves shall be installed as required by the fire 
code. 


1406.2.1.6 Electrical Wiring. Electrical wiring 
and equipment located in the piping space shall be 
approved for Class I, Division 2, Hazardous Loca- 
tions. 


Exception: Occasional transverse crossing of the cor- 
ridors by supply piping that is enclosed within the cor- 
ridor need not comply with Section 1406.2.1.1 through 
Section 1406.2.1.6. 


1406.3 Special Requirements for HPP Gases. In addi- 
tion to other requirements of this section, HPP gases shall 
comply with this subsection and the fire code. 


316 


1406.3.1 Special Provisions. Where HPP supply gas 
is carried in pressurized piping, a fail-safe system shall 
shut off flow due to a rupture in the piping. Where the 
piping originates from outside the building, the valve shall 
be located outside the building as close to the bulk source 
as practical. 


1406.3.2 Piping and Tubing Installation. Piping 
and tubing shall be installed in accordance with approved 
standards. Supply piping for hazardous production mate- 
rials having a health hazard ranking of 3 or 4 shall have 
welded connections throughout, unless an exhausted 
enclosure is provided. 


Exception: Material that is incompatible with ferrous 
piping shall be permitted to be installed in nonmetallic 
piping with approved connections. 


1406.3.3 Gas-Detection System. Where hazardous 
production material gas is used or dispensed and the 
physiological warning properties of the gas are at a] 
higher level than the accepted permissible exposure limit 
of the gas, a continuous gas-monitoring system shall be 
provided to detect the presence of the short-term hazard 
condition. Where dispensing occurs and flammable gases 
or vapors are capable of being present in quantities in 
excess of 25 percent of the lower explosive limit, a con- 
tinuous gas-monitoring system shall be connected to the 
emergency control station. 
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& CHAPTER 15 
SOLAR ENERGY SYSTEMS 


1501.0 General. 

1501.1 Applicability. See Section 1203.0 and the Uniform 
Solar, Hydronics and Geothermal Code (USHGC), published 
by the International Association of Plumbing and Mechanical 
Officials. The Uniform Solar, Hydronics and Geothermal 
Code (USHGC) provides requirements that shall be permitted 
to be adopted as part of the code by the Authority Having 
Jurisdiction. 


1502.0 General. [HCD 1 & HCD 2] For applications listed 
in Section 1.8.2 regulated by the Department of Housing and 
Community Development, see Health and Safety Code Sec- 
tion 17959.1, Civil Code Sections 714 and 801.5, and Gov- 


ernment Code Section 65850.5. 
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CHAPTER 16 — STATIONARY POWER PLANTS 


& CALIFORNIA MECHANICAL CODE — MATRIX ADOPTION TABLE 
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CHAPTER 16 
STATIONARY POWER PLANTS 


1601.0 Stationary Fuel Cell Power Plants. 


1601.1 General. Fuel cell power plants with a power out- 
put of less than 50 kW shall be listed and installed in accor- 
dance with the manufacturer’s instructions. Fuel cell power 
plants with a power output of greater than 50 kW shall be 
installed in accordance with NFPA 853. [NFPA 54:10.30] 
Stationary fuel cell power plants shall be tested in accordance 
with CSA FC-1. 


1602.0 Stationary Gas Engines and Generators. 
1602.1 General. The installation of gas engines shall con- 
form to NFPA 37. [NFPA 54:10.23] 

1602.2 Connection to the Gas Supply Piping. Sta- 
tionary gas engines shall not be rigidly connected to the gas 
supply piping. [NFPA 54:10.23.1] 

1602.3 Stationary Engine Generators. Stationary 
engine generators shall be tested in accordance with UL 2200, 
and shall be installed in accordance with NFPA 37 and the 
manufacturer’s installation instructions. 
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1701.0 General. 


1701.1 Standards. The standards listed in Table 1701.1 are 
referenced in various sections of this code and shall be con- 
sidered part of the requirements of this document. The stan- 
dards are listed herein by the standard number and effective 


CHAPTER 17 


REFERENCED STANDARDS 


date, the title, application and the section(s) of this code that 


TABLE 1701.1 


reference the standard. The application of the referenced stan- 
dard(s) shall be as specified in Section 302.1.2. 

The promulgating agency acronym referred to in Table 
1701.1 are defined in a list found at the end of the table. 


REFERENCED STANDARDS 

STANDARD NUMBER STANDARD TITLE APPLICATION pecan 
49 CFR 192.281 Plastic Pipe oe? Piping, Plastic 1308.5.4.2.2 — 
49 CFR 192.283 Plastic Pipe: Qualifying Joining Procedures Piping, Plastic 1308.5.4.2.2 
AABC-2016 Total System Balance, 7th Edition ‘Balancing (3 14.1( 4 
ACCA Manual B-2009 Balancing and Testing Air and Hydronic Systems Balancing 314.1(2) 
ACCA Manual D-2016 Residential Duct Systems ‘Ducts, Balancing 601.2 | 
ACCA Manual J-2016 Residential Load Calculations | Ducts 10s... 
ACCA Manual S-2014 Residential Equipment Selection Equipment 1105.1 
ACCA Manual Zr-2018 _| Residential Zoning ‘ Ducts -/601.2 ] 
ACCA 4 QM-2019 Maintenance of Residential HVAC Systems HVAC Systems 10232 - 


AHRI 700-2017a Specifications for Refrigerants Refrigerants 1104.7, 1104.7.3 
AMCA 540-2013 ‘Louvers Impacted by Wind Borne Debris Louvers 315-12 
AMCA 550-2015 Test Method for High Velocity Wind Driven Rain Louvers oe 


Resistant Louvers 


ASHRAE 15-2016 


Safety Standard for Refrigeration Systems 


Refrigeration Systems 


1102.1, 1106.1, Table 
1113.5 


ASHRAE 34-2016 


Designation and Safety Classification of Refrigerants 


-/Refrigeration Classifica- 


1102.3, 1103.1, Table 


tions 1102.3, Table 1106.2.5.2 
ASHRAE 62.1-2016 Ventilation for Acceptable Indoor Air Quality Indoor Air Quality Ven- 402.41 Y) 
tilation | 
ASHRAE 111-2008 Measurement, Testing, Adjusting, and Balancing of | Balancing 1314.1). | 
Building HVAC Systems 
ASHRAE 129-1997 | Measuring Air-Change Effectiveness | Air Change Effective- | Table 403.2.2 
(R2002) ness 
ASHRAE 154-2016 Ventilation for Commercial Cooking Operations ‘|Commercial Kitchens 510.5.6 ; 
ASHRAE 170-2013 Ventilation of Health Care Facilities Ventilation WORT o oy 
ASHRAE/ACCA 180-2018 Inspection and Maintenance of Commercial Building Maintenance / LOSBIRMOIT.3. | 
a0 |HVAC Systems ~ ea )4) 9. | Sag ae eae 
ASHRAE Handbook-2017 | Fundamentals Climatic Conditions Figure 803.1.2(6) 
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REFERENCED STANDARDS 


TABLE 1701.1 (continued) 


REFERENCED STANDARDS 
Sy ANE pe ; REFERENCED 
STANDARD NUMBER STANDARD TITLE APPLICATION SECTION 
/ASME B1.20.1-2013 Pipe Threads, General Purpose (Inch) Joints 1211.2(3), 1211.4(7), 
1211.12), 12}4 23). 
1308.5.6 
‘ASME B16.1-2015 Gray Iron Pipe Flanges and Flanged Fittings: Classes 25, | Fittings 1308.5.9 
125, and 250 | 
ASME B16.3-2016 /Malleable Iron Threaded Fittings: Classes 150 and 300 __| Fittings Table 1210.1 
‘ASME B16.5-2017 'Pipe Flanges and Flanged Fittings: NPS 4 through NPS | Fittings ‘Table 1210.1, 
| 24 Metric/Inch 1308.5.9.1(1) 
ASME B16.9-2018 Factory-Made Wrought Buttwelding Fittings Fittings Table 1210.1 
"ASME B16.1 1-2016 Forged Fittings, Socket-Welding and Threaded Fittings Table 1210.1 
ASME B16.15-2018 Cast Copper Alloy Threaded Fittings: Classes 125 and __| Fittings Table 1210.1 
250 
ASME B16.18-2018 Cast Copper Alloy Solder Joint Pressure Fittings Fittings Table 1210.1 | 
‘ASME B16.20-2017 Metallic Gaskets for Pipe Flanges Joints i 1308.5.10.2 
‘ASME B16.21-2016 Nonmetallic Flat Gaskets for Pipe Flanges Fuel Gas Piping 1308.5.10.3 
ASME B16.22-2018 Wrought Copper and Copper Alloy Solder-Joint Pres- _| Fittings |Table 1210.1 
y A sure Fittings 
ASME B16.23-2016 Cast Copper Alloy Solder Joint Drainage Fittings: DWV | Fittings ‘|Table 1210.1 
‘ASME B16.24-2016 Cast Copper Alloy Pipe Flanges, Flanged Fittings, and _ Fittings Table 1210.1, 1308.5.9.2 
I Valves: Classes 150, 300, 600, 900, 1500, and 2500 | 
ASME B16.26-2018 Cast Copper Alloy Fittings for Flared Copper Tubes Fittings Table 1210.1 
ASME B16.29-2017 Wrought Copper and Wrought Copper Alloy Solder- Fittings Table 1210.1 
4 ae Joint Drainage Fittings - DWV 
ASME B16.42-2016 Ductile Iron Pipe Flanges and Flanged Fittings: Classes | Fuel Gas Piping 1308.5.9.3 
150 and 300 
ASME B16.47-2017 Large Diameter Steel Flanges: NPS 26 Through NPS 60 | Fuel Gas Piping 1308.5.9.1(2) 
Metric/Inch 
ASME B16.51-2018 Copper and Copper Alloy Press-Connect Pressure Fit- _| Fittings Table 1210.1 
" ¥ tings 
ASME B31.3-2016 Process Piping Process Piping 1406.1 
ASME B31.5-2016 Refrigeration Piping and Heat Transfer Components Refrigeration Piping 1109.1.1, 1109.1.3 
ASME B36.10M-2018 Welded and Seamless Wrought Steel Pipe Fuel Gas Piping 1308.5.2.1 
ASME BPVC Section I- _/ Rules for Construction of Power Boilers Boilers 1002.1(1), Table 
2017 1003.2.1 
ASME BPVC Section IV- | Rules for Construction of Heating Boilers Boilers | 1002.1(2) 
2017 
ASME BPVC Section Rules for Construction of Pressure Vessels Division 1 _| Pressure Vessels 1002.1, 1004.3, 
VUl.1-2017 FLIQAWY, 11P203, 
1113.1, 1115.4, 
1115.4.1, 1117.1(2), 
LIT ACS bia 
; 1209.4 
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TABLE 1701.1 (continued) 


REFERENCED STANDARDS 


REFERENCED STANDARDS 
STANDARD NUMBER STANDARD TITLE __ APPLICATION elon 
ASME CSD-1-2018 Controls and Safety Devices for Automatically Fired Boilers 1003.2.1 
Boilers 
'ASSE 1013-2011 Reduced Pressure Principle Backflow Preventers and Backflow Protection | 1202.2 | 
Reduced Pressure Principle Fire Protection Backflow 
Preventers 
ASSE 1017-2009 Temperature Actuated Mixing Valves for Hot Water —_- Valves 1207.3.1 = 
Distribution Systems 
ASSE 1061-2015 Push-Fit Fittings vi Fittings nae 1 TOF TO (1), 1911.4(65), «4 
Table 1210.1 
ASSE 1079-2012 Dielectric Pipe Fittings Fittings 1211.14.1 ; 
ASSE Z359.1-2016 The Fall Protection Code Miscellaneous 303:8.4.11°. 
ASTM A53/A53M-2018 Pipe, Steel, Black and Hot-Dipped, Zinc-Coated, Piping i 1308.5.2.1(1), Table | 
Welded and Seamless 1210.1 | 
‘ASTM A106/A106M-2018 | Seamless Carbon Steel Pipe for High-Temperature Serv- | Piping 1308.5.2.1(2), Table 
ice 1210.1 
ASTM A126-2004 Gray Iron Castings for Valves, Flanges, and Pipe Fit- Piping Table 1210.1 
(R2014) tings 
ASTM A254/A254M-2012 | Copper-Brazed Steel Tubing Piping 1308.5.3.2, Table 1210.1 
ASTM A268/A268M-2010 | Seamless and Welded Ferritic and Martensitic Stainless | Tubing 1308.5.3.1(1) | 


(R2016) Steel Tubing for General Service 

ASTM A269/A269M- —_| Seamless and Welded Austenitic Stainless Steel Tubing |Piping, Tubing 1308.5.3.1(2), Table 
2015a for General Service 1210.1 

ASTM A312/A312M- Seamless, Welded, and Heavily Cold Worked Austenitic | Piping Ferrous 1308.5.2.1(3), Table 
2018a Stainless Steel Pipes 1210.1 


ASTM A420/A420M-2016 


Piping Fittings of Wrought Carbon Steel and Alloy Steel 
for Low-Temperature Service 


Fittings 


Table 1210.1 


| 


ASTM A554-2016 Welded Stainless Steel Mechanical Tubing Piping Table 1210.1 
ASTM A778/A778M-2016 | Welded, Unannealed Austenitic Stainless Steel Tubular | Piping Table 1210.1 
one Products _ : E +a, rat, 
ASTM B32-2008 (R2014) | Solder Metal Joints 1211.4(6) 
ASTM B42-2015a Seamless Copper Pipe, Standard Sizes Piping ‘Table 1210.1 
ASTM B43-2015 Seamless Red Brass Pipe, Standard Sizes Piping . ‘Table 1210.1 
ASTM B75/B75M-2011 Seamless Copper Tube = Piping Table 1210.1 
ASTM B88-2016 — Seamless Copper Water Tube Piping 1308.5.3.3, Table 1210.1 
ASTM B135/B135M-2017 | Seamless Brass Tube | Piping ‘Table 1280; Lose cares 


ASTM B210-2012 


Aluminum and Aluminum-Alloy Drawn Seamless Tubes 


Piping 


1308.5.3.4 


= — 


eration Field Service 
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ASTM B241/B241M-2016 | Aluminum and Aluminum-Alloy Seamless Pipe and _| Piping 1308.5.2.3, 1308.5.3.4 
Seamless Extruded Tube 

/ASTM B251/B251M-2017 |General Requirements for Wrought Seamless Copper - Piping oiled Table 1210.1 
and Copper-Alloy Tube 

ASTM B280-2018 Seamless Copper Tube for Air Conditioning and Refrig- Piping 1109.1.2, 1308.5.3.3 


329 


REFERENCED STANDARDS 


TABLE 1701.1 (continued) 


Insulation 


ings 


REFERENCED STANDARDS 
REFERENCED 
STANDARD NUMBER STANDARD TITLE APPLICATION SECTION 

ASTM B302-2017 Threadless Copper Pipe, Standard Sizes Piping Table 1210.1 
ASTM B447-2012a Welded Copper Tube Piping Table 1210.1 
‘ASTM B813-2016 — Liquid and Paste Fluxes for Soldering of Copper and | Joints 1211.4(6) 

Copper Alloy Tube 
ASTM B828-2016 Making Capillary Joints by Soldering of Copper and Joints /1211.4(6) 

Copper Alloy Tube and Fittings ; 
ASTM B1003-2016 Seamless Copper Tube for Linesets Piping 1109.1.2 
ASTM C315-2007 (R2016) Clay Flue Liners and Chimney Pots Venting Systems 803.1.11.1 
ASTM C411-2017 Hot-Surface Performance of High-Temperature Thermal | Duct Coverings and Lin- | 605.1.2 


ASTM D1693-2015 Environmental Stress-Cracking of Ethylene Plastics Piping Table 1210.1 
ASTM D1785-2015°! Poly (Vinyl Chloride) (PVC) Plastic Pipe, Schedules 40, | Piping Table 1210.1 
80, and 120 
ASTM D2241-2015 Poly (Vinyl Chloride) (PVC) Pressure-Rated Pipe (SDR _ | Piping Table 1210.1 
Series) 
ASTM D2464-2015 ‘Threaded Poly (Vinyl Chloride) (PVC) Plastic Pipe Fit- | Fittings Table 1210.1 
tings, Schedule 80 
ASTM D2466-2017 Poly (Vinyl Chloride) (PVC) Plastic Pipe Fittings, Fittings Table 1210.1 
Schedule 40 
‘ASTM D2467-2015 Poly (Vinyl Chloride) (PVC) Plastic Pipe Fittings, Fittings 7 Table 1210.1 
Schedule 80 
‘ASTM D2513-2018a Polyethylene (PE) Gas Pressure Pipe, Tubing, and Fit- | Piping 1308.5.4, 1308.5.4.2.2, 
tings 1308.5.8.2, 
1310.1.7.1(1), Table 
1210.1 
ASTM D2564-2012 Solvent Cements for Poly (Vinyl Chloride) (PVC) Plas- | Joints 1211.12(2) 
(R2018) tic Piping Systems 
ASTM D2609-2015 Plastic Insert Fittings for Polyethylene (PE) Plastic Pipe | Fittings Table 1210.1 
‘ASTM D2683-2014 Socket-Type Polyethylene Fittings for Outside Diame- Fittings Table 1210.1 


ter-Controlled Polyethylene Pipe and Tubing 


ASTM D2737-2012a 


Polyethylene (PE) Plastic Tubing 


|Piping, Plastic 


Table 1210.1 


Polyethylene (PE) Plastic Pipe and Tubing 


‘ASTM D2846/D2846M- _| Chlorinated Poly (Vinyl Chloride) (CPVC) Plastic Hot- | Piping 21120 Rh iSOy 
2017b*! and Cold-Water Distribution Systems Table 1210.1 
ASTM D3035-2015 | Polyethylene (PE) Plastic Pipe (DR-PR) Based on Con- | Piping Table 1210.1 
trolled Outside Diameter 
ASTM D3139-1998 Joints for Plastic Pressure Pipes Using Flexible Elas- _| Joints 1211.12(1) 
(R2011) tomeric Seals I 
ASTM D3261-2016 Butt Heat Fusion Polyethylene (PE) Plastic Fittings for | Fittings Table 1210.1 


ASTM D3350-2014 


Polyethylene Plastics Pipe and Fittings Materials 


| 


Piping, Fittings 


Table 1210.1 


ASTM E84-2018b 


Mes: 


Surface Burning Characteristics of Building Materials Miscellaneous 508.3.4, 602.2, 605.1.1, 
mer _s 605.1.2, 1201.2 
ASTM E779-2019 Determining Air Leakage Rate by Fan Pressurization Air Ducts 405.2.1 
ASTM E814-2013a Fire Tests of Penetration Firestop Systems Miscellaneous 507.4.4, 507.4.5 
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REFERENCED STANDARDS 


REFERENCED STANDARDS 
REFERENCED 
STANDARD NUMBER STANDARD TITLE APPLICATION SECTION 
ASTM E2231-2018 Specimen Preparation and Mounting of Pipe and Duct _| Insulation of Ducts 605.1.2 
Insulation Materials to Assess Surface Burning Charac- 
teristics 
ASTM E2336-2016 Fire Resistive Grease Duct Enclosure Systems Grease Ducts 507.4.2.2, 507.4.5 
ASTM F437-2015 Threaded Chlorinated Poly (Vinyl Chloride) (CPVC) Fittings Table 1210.1 
Plastic Pipe Fittings, Schedule 80 
ASTM F438-2017 Socket-Type Chlorinated Poly (Vinyl Chloride) RR Fittings Table 1210.1 
Plastic Pipe Fittings, Schedule 40 
ASTM F439-2013 Chlorinated Poly (Vinyl Chloride) (CPVC) Plastic Pipe | Fittings Table 1210.1 
Fittings, Schedule 80 
ASTM F441/F441M-2015 | Chlorinated Poly (Vinyl Chloride) (CPVC) Plastic Pipe, | Piping Table 1210.1 
Schedules 40 and 80 
ASTM F442/F442M- Chlorinated Poly (Vinyl Chloride) (CPVC) Plastic Pipe | Piping Table 1210.1, 1211.2(2) 
2013°! (SDR-PR) 
ASTM F493-2014 Solvent Cements for Chlorinated Poly (Vinyl Chloride) | Joints 1211.2(2), 1211.3(2) 
(CPVC) Plastic Pipe and Fittings 
ASTM F656-2015 [Primers for Use in Solvent Cement Joints of Poly (Vinyl | Joints 12112(2), 121 1£.3(2), 
Chloride) (PVC) Plastic Pipe and Fittings 1211.12(2) 
ASTM F714-2013 Polyethylene (PE) Plastic Pipe (DR-PR) Based on Out- __| Piping, Plastic Table 1210.1 
side Diameter | 
ASTM F876-2017 Crosslinked Polyethylene (PEX) Tubing Piping 1211.5, Table 1210.1 
ASTM F877-2018a Crosslinked Polyethylene (PEX) Hot- and Cold-Water | Piping Table 1210.1 
Distribution Systems 
ASTM F1055-2016a Electrofusion Type Polyethylene Fittings for Outside Fittings Table 1210.1 
Diameter Controlled Polyethylene and Crosslinked Poly- 
ethylene (PEX) Pipe and Tubing 
ASTM F1281-2017 Crosslinked Polyethylene/Aluminum/Crosslinked Poly- | Piping Table 1210.1 
ethylene (PEX-AL-PEX) Pressure Pipe 
ASTM F1282-2017 Polyethylene/Aluminum/Polyethylene (PE-AL-PE) Piping Table 1210.1 
Composite Pressure Pipe 
ASTM F1476-2007 Performance of Gasketed Mechanical Couplings for Use | Fittings Table 1210.1 
(R2013) in Piping Applications 
ASTM F1548-2001 Performance of Fittings for Use with Gasketed Mechani- | Fittings Table 1210.1 
(R2018) cal Couplings Used in Piping Applications 
ASTM F1807-2018a Metal Insert Fittings Utilizing a Copper Crimp Ring for | Fittings Table 1210.1 
SDR9 Cross-linked Polyethylene (PEX) Tubing and 
SDR9 Polyethylene of Raised Temperature (PE-RT) 
Tubing 
ASTM F1960-2018a Cold Expansion Fittings with PEX Reinforcing Rings _/ Fittings Table 1210.1 
for Use with Cross-linked Polyethylene (PEX) and Poly- 
ethylene of Raised Temperature (PE-RT) Tubing 
ASTM F1970-2012°! Special Engineered Fittings, Appurtenances or Valves [Piping Table 1210.1 
for Use in Poly (Vinyl Chloride) (PVC) or Chlorinated 
Poly (Vinyl Chloride) (COPE) Systems 
ASTM F1973-2013 Factory Assembled Anodeless Risers and Transition Fit- | Fuel Gas 1310.1.7.1(2) 
(R2018) tings in Polyethylene (PE) and Polyamide 11 (PA11) and 
Polyamide 12 (PA12) Fuel Gas Distribution Systems 
ASTM F1974-2009 Metal Insert Fittings for Polyethylene/Aluminum/Poly- | Fittings 1211.6(1), 1211.9(1), 
(R2015) ethylene and Crosslinked Polyethylene/Aluminum/ Table 1210.1 
Crosslinked Polyethylene Composite Pressure Pipe 
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TABLE 1701.1 (continued) 


REFERENCED STANDARDS 
STANDARD NUMBER STANDARD TITLE APPLICATION oes J 
ASTM F2080-2018 Cold-Expansion Fittings with Metal Compression- Fittings Table 1210.1 
Sleeves for Crosslinked Polyethylene (PEX) Pipe and 
SDR9 Polyethylene of Raised Temperature (PE-RT) 
SUE, ‘ Pipe oil 
ASTM F2098-2018 Stainless Steel Clamps for Securing SDR9 Cross-linked | Joints Table 1210.1 
Polyethylene (PEX) Tubing to Metal Insert and Plastic 
Insert Fittings 
ASTM F2158-2008 Residential Central-Vacuum Tube and Fittings Exhaust Systems 506.1(3), 506.2(2) 
(R2016) 
ASTM F2159-2018a Plastic Insert Fittings Utilizing a Copper Crimp Ring for _| Fittings Table 1210.1 
SDR9 Cross-linked Polyethylene (PEX) Tubing and SDR9 
Polyethylene of Raised Temperature (PE-RT) Tubing 
ASTM F2389-2017a —_—/Pressure-Rated Polypropylene (PP) Piping Systems : Piping 1211.11(1), Table 
1210.1 
ASTM F2434-2018 Metal Insert Fittings Utilizing a Copper Crimp Ring for | Fittings 1211.6(1), Table 1210.1 
SDR9 Cross-linked Polyethylene (PEX) Tubing and 
SDR9 Cross-linked Polyethylene/Aluminum/Cross- 
linked Polyethylene (PEX-AL-PEX) Tubing 
ASTM F2509-2015 Field-Assembled Anodeless Riser Kits for Use on Out- | Fuel Gas 13 10.1.7.1(3) 
side Diameter Controlled Polyethylene and Polyamide- 
11 (PA11) Gas Distribution Pipe and Tubing 
ASTM F2620-2013 Standard Practice for Heat Fusion Joining of Polyethyl- | Joints {121 1.8(1), 1211.8) 
ene Pipe and Fittings | 
ASTM F2623-2014. ~—_ | Polyethylene of Raised Temperature (PE-RT) SDR9 Piping Table 1210.1 
Tubing 
ASTM F2735-2018 Plastic Insert Fittings for SDR9 Cross-linked Polyethyl- | Fittings Table 1210.1 
ene (PEX) and Polyethylene of Raised Temperature (PE- 
RT) Tubing 
ASTM F2769-2018 Polyethylene of Raised Temperature (PE-RT) Plastic Piping, Fittings Table 1210.1 


Hot and Cold-Water Tubing and Distribution Systems 


‘ASTM F2855-2012 


Specification for Chlorinated Poly (Vinyl Chloride)/Alu- 
minum/Chlorinated Poly (Vinyl Chloride) (CPVC-AL- 
CPVC) Composite Pressure Tubing 


Piping, Plastic 


Table 1210.1 


ASTM F2945-2018 


Polyamide 11 Gas Pressure Pipe, Tubing, and Fittings 


Tubing, Fittings 


1308.5.4 


ASTM F3226/F3226M Metallic Press-Connect Fittings for Piping and Tubing __| Fittings Table 1210.1 
‘pendence am Poe | 
ASTM F3253-2018 Crosslinked Polyethylene (PEX) Tubing with Oxygen _/ Piping Table 1210.1 
Barrier for Hot- and Cold-Water Hydronic Distribution 
Systems 
AWS A5.8M/A5.8-2011- | Filler Metals for Brazing and Braze Welding Joints 1211.4(1) 
AMD 1 
‘AWWA C110-2012 Ductile-Iron and Gray-Iron Fittings Fittings Table 1210.1 
‘AWWA C111-2017 Rubber-Gasket Joints for Ductile-Iron Pressure Pipe and | Joints 1G te By 89 0 a eR UN Pa 9 | 
Fittings 
AWWA C115-2011 Flanged Ductile-Iron Pipe with Ductile-Iron or Gray- Piping Table 1210.1 


‘AWWA C151-2017. 


Iron Treaded Flanges 


| Ductile-Iron Pipe, Centrifugally Cast 


Piping, Ferrous 


Table 1210.1 


AWWA C153-2011 


Ductile-Iron Compact Fittings 


Fittings 


Table 1210.1 
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REFERENCED STANDARDS 


STANDARD NUMBER 


STANDARD TITLE 


APPLICATION 


REFERENCED 
SECTION 


AWWA C901-2017 


Polyethylene (PE) Pressure Pipe and Tubing, *% in. (19 
mm) Through 3 in. (76 mm) for Water Service 


Piping, Plastic 


Table 1210.1 


CSA B137.1-2017 


Polyethylene (PE) Pipe, Tubing, and Fittings for Cold- 
Water Pressure Services 


Piping 


Table 1210.1 


CSA B137.2-2017 


Polyvinylchloride (PVC) Injection-Moulded Gasketed 
Fittings for Pressure Applications 


Piping, Plastic 


Table 1210.1 


CSA B137.3-2017 


Rigid Polyvinylchloride (PVC) Pipe and Fittings for Pres- 
sure Applications 


Piping, Plastic 


Table 1210.1 


CSA B137.5-2017 


Crosslinked Polyethylene (PEX) Tubing Systems for 
Pressure Applications 


Piping 


Table 1210.1 


CSA B137.6-2017 


Chlorinated Polyvinylchloride (CPVC) Pipe, Tubing, and 
Fittings for Hot- and Cold-Water Distribution Systems 


Piping, Plastic 


Table 1210.1 


CSA B137.9-2017 Polyethylene/Aluminum/Polyethylene (PE-AL-PE) Piping Table 1210.1 
Composite Pressure-Pipe Systems 

CSA B137.10-2017 Crosslinked Polyethylene/Aluminum/Crosslinked Poly- | Piping Table 1210.1 
ethylene (PEX-AL-PEX) Composite Pressure-Pipe Sys- 
tems 

CSA B137.11-2017 Polypropylene (PP-R) Pipe and Fittings for Pressure Piping 1211.11(1), Table 


Applications 


1210.1 


CSA B137.18-2017 


Polyethylene of Raised Temperature Resistance (PE-RT) 
Tubing Systems for Pressure Applications 


Piping, Plastic 


Table 1210.1 


CSA FC 1-2014 


Fuel Cell Technologies-Part 3-100: Stationary Fuel Cell 
Power Systems-Safety 


Fuel Cell Power Plants 


1601.1 


CSA LC 1-2018 Fuel Gas Piping Systems Using Corrugated Stainless Fuel Gas 1308.5.3.5, 1310.4.1(4), 
Steel Tubing (same as CSA 6.26) ile 

CSA LC 4a-2013 (R2017) | Press-Connect Metallic Fittings For Use in Fuel Gas Fuel Gas 1308.5.7.1, 1308.5.7.2, 
Distribution Systems (same as CSA 6.32a) 1308.5.7.3, 1310.4.1(3) 

CSA NGV 5.1-2016 Residential Fueling Appliances Appliances 938.1 | 


CSA Z21.8-1994 (R2017) 


Installation of Domestic Gas Conversion Burners 


Fuel Gas, Appliances 


909.1 


CSA Z21.10.1-2017 


Gas Water Heaters, Volume I, Storage Water Heaters 
with Input Ratings of 75,000 Btu Per Hour or Less 
(same as CSA 4.1) 


Fuel Gas, Appliances 


Table 1203.2 


CSA Z21.10.3-2017 


Gas-Fired Water Heaters, Volume III, Storage Water 
Heaters with Input Ratings Above 75,000 Btu Per Hour, 
Circulating and Instantaneous (same as CSA 4.3) 


Fuel Gas, Appliances 


Table 1203.2 


CSA Z21.24-2015 Connectors for Gas Appliances (same as CSA 6.10) Fuel Gas ido diag 1312.2. 
CSA Z21.41-2014 Quick Disconnect Devices for Use with Gas Fuel Appli- | Fuel Gas 1312.7 
ances (same as CSA 6.9) 
CSA Z21.54-2014 Gas Hose Connectors for Portable Outdoor Gas-Fired Fuel Gas 1312.3.2 
Appliances (same as CSA 8.4) 
CSA Z21.69-2015 Connectors for Moveable Gas Appliances (same as CSA | Fuel Gas 1312.1:1 
6.16) 
CSA Z21.75-2016 Connectors for Outdoor Gas Appliances and Manufac- Appliances 1312.1(4) 
tured Homes (same as CSA 6.27) : 
CSA Z21.80a-2012 Line Pressure Regulators (same as CSA 6.22a) Fuel Gas 1308.7.1, 1308.7.4(1) 
CSA Z21.90-2015 Gas Convenience Outlets and Optional Enclosures (same | Gas Outlets 1312.8 i 
as CSA 6.24) 
CSA Z21.93-2017 Excess Flow Valves for Natural and Propane Gas with Fuel Gas 1309.1 


Pressures up to 5 psig (same as CSA 6.30) 
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TABLE 1701.1 (continued) 


tilation Appliances for Commercial and Industrial Appli- 
cations 


Heaters, Recirculating 


REFERENCED STANDARDS 
Be ge ; y REFERENCED 
STANDARD NUMBER STANDARD TITLE APPLICATION SECTION 
CSA Z83.4-2017 Non-Recirculating Direct Gas-Fired Heating and Forced | Air Heaters, Non-Recir- |914.1 
Ventilation Appliances for Commercial and Industrial _ culating, Non-Recircu- 
Application (same as CSA 3.7) lating Heaters 
CSA Z83.18-2017 y Recirculating Direct Gas-Fired Heating and Forced Ven- Air Heaters, Industrial | 915.1 


IAPMO PS 117-2017 — Press and Nail Connections Fittings Table 1210.1 
TIAR 2-2014 Standard for Safe Design of Closed-Circuit Ammonia |Ammonia Refrigeration | 1102.2 | 
Refrigeration Systems Systems 
IIAR 3-2017 Ammonia Refrigeration Valves Ammonia Refrigeration | 1102.2 
Systems 
IIAR 4-2015 — lInstallation of Closed-Circuit Ammonia Refrigeration Ammonia Refrigeration | 1102.2 
Systems 
IIAR 5-2013 Start-Up and Commissioning of Closed Circuit Ammo- |Ammonia Refrigeration | 1102.2 
nia Refrigeration Systems Systems 
MSS SP-58-2018 Pipe Hangers and Supports-Materials, Design, Manufac- | Miscellaneous 131034 
ture, Selection, Application, and Installation 
NEBB-2015 Procedural Standard for Testing, Adjusting and Balanc- Balancing (314. 1(4) 
ing of Environmental Systems, 8 Edition 
‘NFPA 2-2019 Hydrogen Technologies Code Gaseous Hydrogen Sys- 937.1 | 
tems 


NFPA 10-2021 


Portable Fire Extinguishers 


| Fire Extinguishing 


513.10, 51331015513. bi 
517.7.4 


NFPA 12-2018 Carbon Dioxide Extinguishing Systems Fire Extinguishing 513.2.3(1) 
NFPA 13-2022 | Installation of Sprinkler Systems Miscellaneous §13.2.3(2), 517.7.6 
*See California Fire Code 
for amendments 
‘NFPA 17-2020 Dry Chemical Extinguishing Systems Fire Extinguishing 513.2.3(3), 513.3.5 
| 
NFPA 17A-2020 Wet Chemical Extinguishing Systems Fire Extinguishing 513.2.3(4), 513.2.5.6, 
By Ree 
NFPA 30A-2021 Motor Fuel Dispensing Facilities and Repair Garages Miscellaneous 303.214 


'NFPA 31-2016 


Installation of Oil-Burning Equipment 


Fuel Gas, Appliances 


1301.5, 1002.2.2, 1301.1 


NFPA 37-2018 


f 


Installation and Use of Stationary Combustion Engines 
and Gas Turbines 


Generators 


/1602.1, 1602.3 


f | | 
NFPA 51-2018 Design and Installation of Oxygen-Fuel Gas Systems for | Fuel Gas Systems 902.7 
Welding, Cutting, and Allied Processes 
NFPA 52-2019 | Vehicular Natural Gas Fuel Systems Code CNG Vehicle Fuel Sys- | 938.1 
tems 
NFPA 54/Z223.1-2018 | National Fuel Gas Code Fuel Gas 516.2.1 
NFPA 58-2020 Liquefied Petroleum Gas Code | Fuel Gas | B03 7 S59 LG6:2al0 


1308.5.4.2.3, 1308.5.8.4, 
1310.6(7), 1312.11 


—4 


NFPA 68-2018 


Explosion Protection by Deflagration Venting 


| Product Conveying 


Ducts 


505.3.3 
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REFERENCED STANDARDS 
REFERENCED 
STANDARD " eetaceie, | STANDARD TITLE APPLICATION | Pees SECTION. big 

NFPA 69-2019 Explosion Prevention Systems Explosion Prevention = 505.3.1 

NFPA 70-2020 National Electrical Code Miscellaneous 301.4(1), 301.4(3), 

*See California Electrical SS Ge s22e5: 

Code for amendments 516.2.7, 516.2.9(4), 
602.2.1, 905.8.2, 
1104.4(5), 1107.1.7, 
L107-1:8; 1217.8. 7. 
1310.14.5(2), 1311.2.4, 
13812 

NFPA 80-2019 Fire Doors and Other Opening Protectives Fire Doors S1O7s 


NFPA 82-2019 


Incinerators and Waste and Linen Handling Systems and 
Equipment 


Incinerator Chutes 


'802.2.8, Table 802.4, __ 
925.1 


NFPA 85-2019 


Boiler and Combustion Systems Hazards Code 


Appliances 


1002.1(3), 1011.1, Table | 
1003.2.1 


Appliances 


NFPA 86-2019 Ovens and Furnaces Product Conveying 505.3.2 
5 Ducts . 
NFPA 88A-2019 Parking Structures Miscellaneous 303.11 
NFPA 90A-2018 Installation of Air-Conditioning and Ventilating Systems |HVAC 1604.1 
NFPA 90B-2018 Installation of Warm Air Heating and Air-Conditioning |HVAC br 1604.1 ' 
Systems 
NFPA 211-2019 : Chimneys, Fireplaces, Vents, and Solid Fuel-Burning Fuel Gas Appliances S177 S17 elo: 


801.3, 802.5.2, 802.5.3, 
802.5.7.1, 8302.5.7.3, 
902.10 


NFPA 262-2019 Standard Method of Test for Flame Travel and Smoke of | Certification ~ |602.2.1 
Wires and Cables for Use in Air-Handling Spaces Rl 
NFPA 409-2016 Aircraft Hangars Miscellaneous 303.12 


NFPA 654-2020 


Prevention of Fire and Dust Explosions from the Manu- 
facturing, Processing, and Handling of Combustible Par- 
ticulate Solids 


Dust Explosion Preven- 
tion, Gutters 


| 506.6, Table 505.9 — 


NFPA 780-2017 [Installation of Lightning Protection Systems Fuel Gas 1311.5 

NFPA 853-2020 Installation of Stationary Fuel Cell Power Systems Fuel Cell Power Plants, | 1601.1 ey 
Buel ells 

NFPA 1192-2018 Recreational Vehicles Fuel Gas Piping 1302.3(18) 


INSF 358-1-2017 


Polyethylene Pipe and Fittings for Water-Based Ground- 
Source “Geothermal” Heat Pump Systems 


Piping, Plastic 


NSF 358-2-2017 


Polypropylene Pipe and Fittings for Water-Based Ground- 
Source “Geothermal” Heat Pump Systems 


Piping, Plastic 


‘Table 1210.1 


|Table 1210.1 — 


NSF 358-3-2016 


Cross-linked polyethylene (PEX) pipe and fittings for 
water-based ground-source (geothermal) heat pump sys- 
tems 


Piping, Plastic 


Table 1210.1 | 


SMACNA-2002 


HVAC Systems Testing, Adjusting and Balancing, 3rd 
Edition 


Balancing 


SMACNA-2017 


~|HVAC Duct Construction Standards Metal and Flexible, 


4" Edition 


‘Ducts, Metal and Flexi- 


ble 


SMACNA-2012 


HVAC Air Duct Leakage Test Manual, 2™ Edition 


Ducts 


/603.9.2, 603.10 


314.1(5) 


504.4.5, 506.2, 602.3, 
603.3, 603.4, 603.7.1, 
603.9, 603.11, 605.1 
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TABLE 1701.1 (continued) ¢ 
REFERENCED STANDARDS 
STANDARD NUMBER STANDARD TITLE APPLICATION pains 
SMACNA-2015 Phenolic Duct Construction Standards Duct Systems 602.4.1 
UL 17-2008 Vent or Chimney Connector Dampers for Oil-Fired Vent Dampers 802.15.1 
Appliances (with revisions through September 25, 2013) 
UL 103-2010 Factory-Built Chimneys for Residential Type and Build- | Fuel Gas, Appliances 802.5.1, 802.5.1.1 
ing Heating Appliances (with revisions through March 
15, 2017) 
‘UL 127-2011 'Factory-Built Fireplaces (with revisions through July 27. | Fireplaces 80Z7.5.1515 913.1, 915151 
2016) 
UL 181-2013 Factory-Made Air Ducts and Air Connectors (with revi- | Air Connectors, Air 602.3, 602.4.1, 602.4.4, 
sions through April 18, 2017) Ducts 603.1.4, 603.1.5, 603.4, 
603.9.1, 605.1.1, Table 
603.9.1 
UL 181A-2013 Closure Systems for Use with Rigid Air Ducts (with revi- | Air Ducts 603.9.1, Table 603.9.1 
sions through March 22, 2017) 
‘UL 181B-2013 Closure Systems for Use with Flexible Air Ducts and Air Connectors, Air 603.9.1, Table 603.9.1 
Air Connectors (with revisions through March 21, 2017) | Ducts 
‘UL 197-2010 Commercial Electric Cooking Appliances (with revi- Appliances, Commercial | 921.1 
sions through January 26, 2018) Cooking, Electric Appli- 
ances 
‘UL 207-2009 Refrigerant-Containing Components and Accessories, Refrigeration Compo- 1109.2 
Nonelectrical (with revisions through June 27, 2014) nents 
UL 268A-2008 Smoke Detectors for Duct Application (with revisions | Smoke Detectors 609.1 ; : 
through August 12, 2016) C 
UL 295-2017 Commercial-Industrial Gas Burners Gas Burners 910.2 
UL 296-2017 Oil Burners (with revisions through November 29, 2017) | Fuel Gas, Appliances STGe! 
UL 300-2005 Fire Testing of Fire Extinguishing Systems for Protec- ~ | Certification SE3.2 2,0 tones 
tion of Commercial Cooking Equipment (with revisions 517.3.1.1(6) 
through December 16, 2014) 
UL 378-2006 Draft Equipment (with revisions through September 17, | Fuel Gas, Appliances 802.3.3, 802.15.1 
2013) 
UL 391-2010 Solid-Fuel and Combination-Fuel Central and Supple- _| Furnaces, Solid Fuel 904.10 
mentary Furnaces (with revisions through June 12, 2014) 
‘UL 412-2011 Refrigeration Unit Coolers (with revisions through Refrigeration 934.2 
August 28, 2018) 
‘UL 427-2011 Refrigerating Units (with revisions through February 10, |Refrigeration Systems 934.3 
2017) 
UL 441-2016 Gas Vents (with revisions through July 27, 2016) Fuel Gas 802.1 
UL 467-2013 Grounding and Bonding Equipment Grounding and Bonding | 1311.2.5 
UL 471-2010 Commercial Refrigerators and Freezers (with revisions |Freezers, Refrigerators | 934. i 
through November 8, 2018) 
‘UL 499-2014 Electric Heating Appliances (with revisions through Kilns 931.4 
February 23, 2017) 
UL 555-2006 Fire Dampers (with revisions through October 21, 2016) | Dampers /606.2 ’ 
UL 555C-2014 Ceiling Dampers (with revisions through May 1, 2017) | Dampers 606.3 a 
UL 5558-2014 Smoke Dampers (with revisions through October 27, Dampers 606.1 
2016) 
[UL 641-2010... Type L Low-Temperature Venting Systems (with revi- | Equipment 802.1 
sions through April 23, 2018) 
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REFERENCED STANDARDS 
STANDARD NUMBER STANDARD TITLE APPLICATION pia 22 
UL 651-2011 Schedule 40, 80, Type EB and A Rigid PVC Conduit Piping, Plastic 1308.5.4.1 
and Fittings (with revisions through June 15, 2016) 
UL 705-2017 Power Ventilators (with revisions through October 8, Power Ventilators 504.4.2.3 
2018) 
UL 710-2012 Exhaust Hoods for Commercial Cooking Equipment (with |Exhaust Hoods, Hoods | 507.3.1, 508.2, 508.2.1 
revisions through June 25, 2018) 
UL 710B-2011 Recirculating Systems (with revisions through August | Exhaust Hoods 508.1, 513.2.2, 516.2.2, 
14, 2014) 516.2.3 
UL 710C-2006 ‘Ultraviolet Radiation Systems For Use In The Ventila- |Exhaust Hoods, Hoods | 508.2.1 
tion Control of Commercial Cooking Operations 
UL 723-2018 Test for Surface Burning Characteristics of Building Miscellaneous 508.3.4, 602.2, 605.1.1, 
Materials 605.1.2, 1201.2 
UL 726-1995 Oil-Fired Boiler Assemblies (with revisions through Fuel Gas, Appliances 1002.2.1 
October 9, 2013) . 
UL 727-2018 Oil-Fired Central Furnaces Fuel Gas, Appliances 904.11 
UL 729-2003 Oil-Fired Floor Furnaces (with revisions through Furnaces, Floor, Oil 906.13 
November 22, 2016) Fired Furnaces 
UL 730-2003 Oil-Fired Wall Furnaces (with revisions through Novem- (Furnaces, Wall, Oil 907.4 
ber 22, 2016) Fired 
UL 731-2018 Oil-Fired Unit Heaters Heaters, Oil Fired 917.6 
UL 737-2011 Fireplace Stoves (with revisions through August 19, 2015) | Fireplace Stoves 913.2 
UL 762-2013 Power Roof Ventilators for Restaurant Exhaust Appliances | Ventilators oi bt 
UL 778-2016 Motor Operated Water Pumps (with revisions through | Pumps 1208.1 
October 20, 2017) 
UL 791-2006 Residential Incinerators (with revisions through Novem- | Incinerators 97535 
ber 7, 2014) 
UL 795-2016 Commercial-Industrial Gas Heating Equipment Heating Equipment, Gas | 904.12 
Fired 
UL 834-2004 Heating, Water Supply, and Power Boilers - Electric Appliances 1002.3, Table 1203.2 
(with revisions through September 24, 2018) 
UL 858-2014 Household Electric Ranges (with revisions through June | Electric Ranges, Ranges | 920.1 
4, 2018) 
UL 867-2011 Electrostatic Air Cleaners (with revisions through Filters 936.1 
August 7, 2018) 
UL 896-1993 Oil-Burning Stoves (with revisions through November _| Stoves, Oil Fired 921.3 
22, 2016) 
UL 900-2015 Air Filter Units Air Filters, Filters 311.2 
UL 907-2016 Fireplace Accessories Fireplace Accessories | 913.3 
UL 921-2016 Commercial Dishwashers (with revisions through Sep- | Appliances 1519.1 
tember 20, 2017) 
UL 923-2013 Microwave Cooking Appliances (with revisions through | Microwaves 920.3.2(3), 920.4.2(3) 
July 19, 2017) 
UL 959-2010 ‘|Medium Heat Appliance Factory-Built Chimneys (with | Fuel Gas, Appliances 802.5.1 


revisions through June 12, 2014) 


UL 1046-2010 


Grease Filters for Exhaust Ducts (with revisions through 
April 17, 2017) 


Filters-Grease 


Le 


509.1, 509.1.1, 518.1(4) 
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TABLE 1701.1 (continued) 


REFERENCED STANDARDS 
: [ ] REFERENCED 
STANDARD NUMBER STANDARD TITLE APPLICATION SECTION 
UL 1240-2005 Electric Commercial Clothes-Drying Equipment (with {Clothes Dryers,Com- | 908.1 


revisions through March 16, 2018) 


mercial 


UL 1479-2015 


Fire Tests of Penetration Firestops 


Miscellaneous 


507.4.4, 507.4.5 


UL 1482-2011 


Solid-Fuel Type Room Heaters (with revisions through 
August 19, 2015) 


Room Heaters, Solid 
Fuel Heaters 


802.5.1.1, 916.3 


UL 1738-2010 


Venting Systems for Gas-Burning Appliances Categories 
II, III, and IV (with revisions through November 7, 2014) 


Fuel Gas, Appliances 


802.4.1, 802.4.2, 802.4.3 | 


UL 1777-2015 


Chimney Liners 


Chimneys, Liners ~ 


802.5.3(2), 803.1.11.2 


UL 1812-2013 Ducted Heat Recovery Ventilators (with revisions Heat Recovery Ventila- | 504.5 
through July 19, 2018) tors 

UL 1815-2012 /Nonducted Heat Recovery Ventilators (with revisions | Heat Recovery Ventila- | 504.5 
through July 19, 2018) tors | 

UL 1820-2004 Fire Test of Pneumatic Tubing for Flame and Smoke Char- | Surface Burning Test, | 602.2.3 
acteristics (with revisions through July 13, 2017) Pneumatic Tubing 

UL 1887-2004 Fire Test of Plastic Sprinkler Pipe for Visible Flame and | Surface Burning Test, | 602.2.2 
Smoke Characteristics (with revisions through July 13, | Fire Sprinkler Pipe 
2017) 

UL 1963-2011 Refrigerant Recovery/Recycling Equipment (with revi- |Refrigerant Equipment | 1101.2 
sions through October 11, 2013) | 


UL 1978-2010 


Grease Ducts (with revisions through April 28, 2017) 


Ducts, Grease 


507.3.1, 510.4.1, 
510.5.2, 510.5.3 


UL 1995-2015 


Heating and Cooling Equipment 


HVAC, Electric 


903.1, 904.13 


UL 1996-2009 Electric Duct Heaters (with revisions through July 15, | Duct Heaters 905.8 
2016) 

UL 2021-2015 Fixed and Location-Dedicated Electric Room Heaters Product, Heating, Elec- [916.1 
(with revisions through December 14, 2016) tric 

UL 2043-2013 Fire Test for Heat and Visible Smoke Release For Dis- |Surface Burning Test, | 602.2.4 
crete Products and Their Accessories Installed in Air- Discrete Products 
Handling Spaces (with revisions through July 13, 2018) 

UL 2158-2018 Electric Clothes Dryers Clothes Dryers, Electric |908.1 

UL 2158A-2013 Clothes Dryer Transition Duct (with revisions through {Clothes Dryer Exhaust | 504.4 
April 18, 2017) 

UL 2162-2014 Commercial Wood-Fired Baking Ovens-Refractory ‘Baking Ovens 921.2 
Type 

UL 2200-2012 Stationary Engine Generator Assemblies (with revisions | Assemblies 1602.3 


through July 29, 2015) 


UL 2221-2010 


Tests of Fire Resistive Grease Duct Enclosure Assem- 
blies 


Duct Wrap, Grease Duct 
Enclosure 


507.4.4.1 


UL 2518-2016 


| Air Dispersion Systems 


Duct Systems 


'602.4.3, 603.12 


UL 2523-2009 Solid Fuel-Fired Hydronic Heating Appliances, Water | Appliances | 1002.4, Table 1203.2 
Heaters, and Boilers (with revisions through March 16, 
2018) 

UL 2561-2016 1400 Degree Fahrenheit F actory-Built Chimneys (with /Chimneys 802.5.1 
revisions through April 19, 2018) 

UL 2790-2010 Commercial Incinerators (with revisions through Octo- __| Incinerators D2 5.2 


ber 8, 2014) 
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REFERENCED STANDARDS 


REFERENCED STANDARDS 
STANDARD NUMBER STANDARD TITLE APPLICATION io Aa adi as 
UL 60335-2-40-2017 Household and Similar Electrical Appliances — Safety — | Appliances 903.1, 904.13 
Part 2-40: Particular Requirements for Electrical Heat 
Pumps, Air-Conditioners and Dehumidifiers 
UL 60335-2-89-2017 Household and Similar Electrical Appliances — Safety — | Appliances 934.1, 934.2, 934.3 


Part 2-89: Particular Requirements for Commercial 
Refrigerating Appliances with an Incorporated or 
Remote Refrigerant Unit or Compressor 
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application of the referenced standards, publications, practices @ 
and guides shall be as specified in Section 302.1.2. The prom- 
ulgating agency acronyms are found at the end of the table. 


1701.2 Standards, Publications, Practices, and Guides. 
The standards, publications, practices and guides listed in Table 
1701.2 are not referenced in other sections of this code. The 


ASHRAE/IES 90.2-2018 


Energy-Efficient Design of Low-Rise Residential Buildings 


Energy, Dwellings 


‘2007 (R2017) 


Rise Residential Buildings 


ASHRAE 127-2012 Method of Testing for Rating Computer and Data Processing Room Unitary Air | Air Conditioners 
Conditioners 
“ASHRAE/ACCA 183- Peak Cooling and Heating Load Calculations in Buildings Except Low- Cooling and Heating 


Load, Miscellaneous 


ASHRAE 194-2012 


Method of Test for Direct-Expansion Ground-Source Heat Pumps 


Ground-Source Heat 
Pumps 


| 


Cold-Rolled, General Requirements for 


'ASHRAE Handbook-2016 |HVAC Systems and Equipment — Design 
ASME A13.1-2015 _| Scheme for the Identification of Piping Systems Piping 
‘ASME A112.18.6/CSA Flexible Water Connectors te Piping 
B125.6-2017 

ASME B1.20.3-1976 (R2018) | Dryseal Pipe Threads (Inch) : Joints 
"ASME B16.33-2012 (R2017) | Manually Operated Metallic Gas Valves for Use in Gas Piping Systems up to | Valves 

| 175 psi (Sizes NPS '4 through NPS 2) 

ASME B16.50-2018 | Wrought Copper and Copper Alloy Braze-Joint Pressure Fittings Fittings 
ASTM A568/A568M-2017a _| Steel, Sheet, Carbon, Structural, and High-Strength, Low-Alloy, Hot-Rolled and | Piping 


“ASTM A653/A653M-2017 | 
| 


‘Steel Sheet, Zinc-Coated (Galvanized) or Zinc-Iron Alloy-Coated (Galvan- 
nealed) by the Hot-Dip Process 


Piping, Ferrous 


ASTM A733-2016 


| Welded and Seamless Carbon Steel and Austenitic Stainless Steel Pipe Nipples 


Piping, Ferrous 
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STANDARDS, PUBLICATIONS, PRACTICES, AND GUIDES 
DOCUMENT NUMBER DOCUMENT TITLE APPLICATION 
‘ACCA Manual N-2012 Commercial Load Calculations Ducts Z 
ACCA Manual Q-1990 _ | Low Pressure, Low Velocity Duct System Design ’ Ducts 
“AHRI 870-2016 Performance Rating of Direct Geoexchange Heat Pumps Heat Pumps 
AHRI 1200-2013 Performance Rating of Commercial Refrigerated Display Merchandisers and | Commercial Refrigerated 
Storage Cabinets Display Merchandisers 
and Storage Cabinets 
AHRI 1230-2014a Performance Rating of Variable Refrigerant Flow (VRF) Multi-Split Air-Condi- | Refrigerants 
tioning and Heat Pump Equipment 
AMCA 500-D-2018 | Laboratory Methods of Testing Dampers for Rating Dampers 
ASCE 25-2016 Earthquake-Actuated Automatic Gas Shutoff Devices Fuel Gas 
ASHRAE 52.2-2012 General Ventilation Air-Cleaning Devices for Removal Efficiency by Particle | Cleaning Devices 
Size 
ASHRAE 55-2017 Thermal Environmental Conditions for Human Occupancy Miscellaneous © 
ASHRAE 62.2-2016 Ventilation and Acceptable Indoor Air Quality in Residential Buildings Ventilation 
| ASHRAE/IES 90.1-2016 Energy Standard for Buildings Except Low-Rise Residential Buildings Energy 


REFERENCED STANDARDS 


TABLE 1701.2 (continued) 
STANDARDS, PUBLICATIONS, PRACTICES, AND GUIDES 
DOCUMENT NUMBER DOCUMENTTITLE APPLICATION 
ASTM B370-2012 | Standard Specification for Copper Sheet and Strip for Building Construction | Miscellaneous 


ASTM B687-1999 (R2016) 


Brass, Copper, and Chromium-Plated Pipe Nipples 


|Piping, Copper Alloy 


ASTM C518-2017. 


| Steady-State Thermal Transmission Properties by Means of the Heat Flow 


Meter Apparatus 


Certification: Calibration, 
Error Analysis, Heat Flow 
Meter Apparatus, Heat 
Flux, Instrument Verifica- 
tion, Thermal Conductiv- 
ity, Thermal Resistance, 
Thermal Testing, Tunnel 

| Test 


ASTM D93-2018 


Flash Point by Pensky-Martens Closed Cup Tester 


Certification 


ASTM D396-2018a 


Fuel Oils 


Boiler 


ASTM 12517-201S dan) 


‘Reinforced Epoxy Resin Gas Pressure Pipe and Fittings 


/Piping, Plastic = 


ASTM E96/E96M-2016 


_ | Water Vapor Transmission of Materials 


Miscellaneous 


ASTM E136-2016a 


Behavior of Materials in a Vertical Tube Furnace at 750°C 


| Furnace 


AWS B2.4-2012 


Welding Procedure and Performance Qualification for Thermoplastics 


Joints, Certification 


CSA/IGSHPA C448-2016 


Design and Installation of Ground Source Heat Pump Systems for Commercial 
and Residential Buildings 


Miscellaneous 


CSA C448.1-2016 


Design and Installation of Ground Source Heat Pump Systems for Commer- 
cial and Institutional Buildings 


|Ground-Source Heat 


Pumps 


CSA C448.2-2016 


Design and Installation of Ground Source Heat Pump Systems for Residen- 
tial and Other Small Buildings 


Ground-Source Heat 
Pumps 


L 


CSA Z21.1-2016 


Household Cooking Gas Appliances 


Household Cooking 
Appliances, Gas Fired 


CSA Z21.5.1-2017 


Gas Clothes Dryers, Volume I, Type 1 Clothes Dryers (same as CSA 7.1) 


Fuel Gas, Appliances 


Pero rse0iG 


Fuel Gas, Appliances 


CSA Z21.11.2-2016 


Gas-Fired Room Heaters, Volume II, Unvented Room Heaters 


Room Heaters, Unvented | 
Heaters 


CSA Z21.12b-1994 (R2015) © 


Draft Hoods 


| Fuel Gas, Appliances 


CSN771.13-2017 * 


Gas-Fired Low Pressure Steam and Hot Water Boilers (same as CSA 4.9) 


Fuel Gas, Appliances 


CSA Z21.15b-2013 (R2014) 


Manually Operated Gas Valves for Appliances, Appliance Connector Valves and. 
Hose End Valves (same as CSA 9.1b) 


FuelGas 


CSA Z21.17a-2008 (R2014) 


‘Domestic Gas Conversion Burners (same as CSA 2.7a) 


Conversion Burner Instal- 
lation, Gas Burners 


CSA Z21.18b-2012 
(R2016) 


Gas Appliance Pressure Regulators (same as CSA 6.3b) 


L 


CSA Z21.19-2014 


CSA Z21.20a-2008 
(R2016) 


| Automatic Gas Ignition Systems and Components 


Gas Refrigerators, Refrig- 


| Automatic Ignition, Gas _ 
Ignition, Ignition 


Appliance Regulators, 
Gas Refrigerators, Pres- 
sure Regulators 


erators 


2022 CALIFORNIA MECHANICAL CODE 


341 


REFERENCED STANDARDS 


TABLE 1701.2 (continued) 
STANDARDS, PUBLICATIONS, PRACTICES, AND GUIDES 


DOCUMENT NUMBER 


DOCUMENT TITLE 


APPLICATION 


CSA Z21.21-2015 


Automatic Valves for Gas Appliances (same as CSA 6.5) 


Appliance Valves, Auto- 


matic Gas Valves, Valves 


CSA Z21.22-2015 


Relief Valves for Hot Water Supply Systems (same as CSA 4.4) 


Valves 


CSA Z21.40.1a- 
1997/CGA 2.91a-M97 
(R2017) 


Gas-Fired, Heat Activated Air-Conditioning and Heat Pump Appliances 


Gas Fired Air Condi- 
tioning, Gas Fired Heat 
Pump 


‘CSA Z21.42-2013 


Gas-Fired Illuminating Appliances 


- | Illuminating Appliances 


CSA Z21.47-2016 


Gas-Fired Central Furnaces (same as CSA 2.3) 


Fuel Gas, Appliances 


CSA Z21.50-2016 


Vented Decorative Gas Appliances (same as CSA 2.22) 


Appliances, Decorative 
Appliances 


CSA Z21.56-2017 


Gas-Fired Pool Heaters (same as CSA 4.7) 


Fuel Gas, Swimming 
Pools, Spas, and Hot Tubs 


‘CSA Z21.58-2018 Outdoor Cooking Gas Appliances (same as CSA 1.6) | Cooking Appliances 
CSA Z21.60-2017 Decorative Gas Appliances for Installation in Solid-Fuel Burning Fireplaces Decorative Appliances, 
(same as CSA 2.26) Decorative Fireplace 
Appliances 
CSA Z21.61-1983 (R2013) | Gas-Fired Toilets Toilets =i 


CSA Z21.66-2015 


Automatic Damper Devices for Use with Gas-Fired Appliances (same as CSA 
6.14) 


Vent Dampers, Automatic 
Dampers 


CSA Z21.71a-2005 


Automatic Intermittent Pilot Ignition Systems for Field Installation 


Automatic Pilot Ignition, 


Duct Furnaces (same as CSA 2.6) 


(R2016) Pilot Ignition 

CSA Z21.86-2016 Vented Gas-Fired Space Heating Appliances (same as CSA 2.32) Fuel Gas Appliances 
CSA Z21.88-2017 Vented Gas Fireplace Heaters (same as CSA 2.33) Fireplace Heaters 
CSA Z83.8-2016 Gas Unit Heaters, Gas Packaged Heaters, Gas Utility Heaters, and Gas-Fired | Fuel Gas Appliances 


CSA Z83.11-2016 


Gas Food Service Equipment (same as CSA 1.8) 


Fuel Gas, Appliances 


‘CSA Z83.19-2017 


Gas-Fired High-Intensity Infrared Heaters (same as CSA 2.35) 


High Intensity Heaters, 
Infrared Heaters 


‘CSA Z83.20-2016 | 


Gas-Fired Low-Intensity Infrared Heaters (same as CSA 2.34) 


Infrared Heaters, Low 
Intensity Heaters 


IAPMO IGC 293-2012 


Tubing and Fittings for Special Hydronic Radiant Drywall Panels 


HVAC, Fittings, Tubing 


IAPMO IGC 315-2016 Water Manifold Systems Fittings 
IAPMO IGC 327-2016 Flexible Metallic Expansion Joints for Pressure Systems Joints 

| 
IAPMO IGC 332-2017a Hydronic Radiators Miscellaneous 


IAPMO PS 120-2004 


Flashing and Stand Combination for Air Conditioning Units (Residential or 
Commercial Unit Curb) 


Air Conditioning Flashing 
Stand 


ISO 13256-1-1998 (R2012) 


Water Source Heat Pumps-Testing and Rating for Performance-Water-to-Air and 


Brine-to-Air Heat Pumps 


Water-Source Heat Pumps 


ISO 13256-2-1998 


Water Source Heat Pumps-Testing and Rating for Performance-Water-to- Water 
and Brine-to-Water Heat Pumps 


Water-Source Heat Pumps 
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TABLE 1701.2 (continued) 
STANDARDS, PUBLICATIONS, PRACTICES, AND GUIDES 

DOCUMENT NUMBER DOCUMENT TITLE APPLICATION 
MSS SP-67-2017 Butterfly Valves Valves 
MSS SP-80-2013 | Bronze Gate, Globe, Angle, and Check Valves Valves 
MSS SP-104-2018 Wrought Copper Solder-Joint Pressure Fittings Fittings 
MSS SP-106-2012 Cast Copper Alloy Flanges and Flanged Fittings: Class 125, 150, and 300 Fittings 
MSS SP-109-2018 Weld-Fabricated Copper Solder-Joint Pressure Fittings Fittings 
NFPA 30-2018 Flammable and Combustible Liquids Code Combustible Liquids, 

Flammable Liquids 
NFPA 91-2015 | Exhaust Systems for Air Conveying of Vapors, Gases, Mists, and Particulate Product Conveying Ducts 
Solids 

NFPA 96-2017 Ventilation Control and Fire Protection of Commercial Cooking Operations Commercial Cooking 


NFPA 221-2018 


High Challenge Fire Walls, Fire Walls, and Fire Barrier Walls 


Building Fire Walls, Fire 
Barrier 


‘NFPA 259-2018 


Test Method for Potential Heat of Building Materials 


Testing, Building Mate- 
rials 


NFPA 274-2018 


Test Method to Evaluate Fire Performance Characteristics of Pipe Insulation 


Pipe Insulation 


ber 15, 2016) 


NFPA 501A-2017 Fire Safety Criteria for Manufactured Home Installations, Sites, and Commu- | Miscellaneous 
nities 
NFPA 5000-2018 Building Construction and Safety Code Miscellaneous 
NGWA-01-2014 Water Well Construction Standard Water Wells 
NSF 60-2017 Drinking Water Treatment Chemicals - Health Effects Miscellaneous 
NSF 358-4-2018 Polyethylene of Raised Temperature (PE-RT) Tubing and Fittings for Water-Based |Ground-Source Heat Pumps 
Ground-Source (Geothermal) Heat Pump Systems 
SAE J512-1997 Automotive Tube Fittings Fittings 
SMACNA-2003 Fibrous Glass Duct Construction Standard, 7 Edition | Fiberglass Ducts 
SMACNA-2008 IAQ Guidelines for Occupied Buildings Under Construction, 2™ Edition Ventilation 
UL 21-2014 LP-Gas Hose (with revisions through July 28, 2017) (Hose, LPG Hose 
UL 33-2010 Heat Responsive Links for Fire-Protection Service (with revisions through April | Fusible Links 
14, 2015) 
UL 51-2013 Power-Operated Pumps and Bypass Valves for Anhydrous Ammonia, LP- Ammonia Pumps, LP- 
Gas, and Propylene (with revisions through October 5, 2018) Gas Pumps, Pumps 
UL 80-2007 Steel Tanks for Oil-Burner Fuels and Other Combustible Liquids (with revi- |Fuel Gas 
sions through January 16, 2014) 
UL 125-2014 Flow Control Valves for Anhydrous Ammonia and LP-Gas (with revisions Fuel Gas 
through January 12, 2018) 
UL 132-2015 Safety Relief Valves for Anhydrous Ammonia and LP-Gas (with revisions Fuel Gas 
through January 12, 2018) 
UL 144-2012 LP-Gas Regulators (with revisions through November 05, 2014) Fuel Gas 
'UL 174-2004 Household Electric Storage Tank Water Heaters (with revisions through Decem- | Appliances 
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TABLE 1701.2 (continued) 
STANDARDS, PUBLICATIONS, PRACTICES, AND GUIDES 
DOCUMENT NUMBER DOCUMENT TITLE APPLICATION 
UL 180-2012 Liquid-Level Gauges for Oil Burner Fuels and other combustible liquids (with | Gauges, Level Gauges 
revisions through May 12, 2017) 
UL 252-2017 Compressed Gas Regulators (with revisions through August 10, 2018) Fuel Gas 
UL 343-2008 Pumps for Oil-Burning Appliances (with revisions through December 14, 2017) | Fuel Gas, Appliances 
UL 353-1994 | Limit Controls (with revisions through November 8, 2011) Controls 
‘UL 404-2010 Gauges, Indicating Pressure, for Compressed Gas Service (with revisions |Fuel Gas 
through February 11, 2015) 
UL 429-2013 Electrically Operated Valves Valves 
UL 443-2006 Steel Auxiliary Tanks for Oil-Burner Fuel (with revisions through March 8, Fuel Gas 
2013) 
UL 525-2008 'Flame Arresters (with revisions through October 13, 2017) Flame Arrestors 
UL 565-2013 Liquid-Level Gauges for Anhydrous Ammonia and LP-Gas (with revisions Fuel Gas 
through February 23, 2018) 
UL 569-2013 Pigtails and Flexible Hose Connectors for LP-Gas (with revisions through July | Fuel Gas 
28, 2017) 
UL 732-2018 Oil-Fired Storage Tank Water Heaters (with revisions through August 9, 2018) | Fuel Gas, Appliances 
(UL 733-1993 Oil-Fired Air Heaters and Direct-Fired Heaters (with revisions through Water Heaters, Direct 
October 9, 2013) Fired, Oil Fired 
UL 842-2015 Valves for Flammable Fluids (with revisions through October 27, 2017) Valves 
UL 984-1996 Hermetic Refrigerant Motor-Compressors (with revisions through September Compressors, Refrigera- 
23, 2005) tion 
UL 1453-2016 Electric Booster and Commercial Storage Tank Water Heaters (with revisions Appliances 
through May 18, 2018) 
UL 1746-2007 External Corrosion Protection Systems for Steel Underground Storage Tanks Tanks 
(with revisions through December 19, 2014) 


344 


2022 CALIFORNIA MECHANICAL CODE 


AABC 
ACCA 


AHRI 
AMCA 
ANSI 
ASCE 
ASHRAE 


ASME 
ASSE 
ASTM 
AWS 
AWWA 
CFR 


CGA 
CSA 

el 
IAPMO 
IES 
IGSHPA 
IIAR 
ISO 


MSS 


NEBB 
NFPA 
NGWA 
NSF 

SAE 
SMACNA 


UL 
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ABBREVIATIONS IN TABLE 1701.1 AND TABLE 1701.2 


Associated Air Balance Council, 1220 19th Street NW, Suite 410, Washington, DC 20036. 


Air Conditioning Contractors of America Association, Inc., 2800 S Shirlington Road, Suite 300, Arlington, VA 
22206. 


Air-Conditioning, Heating, and Refrigeration Institute, 2311 Wilson Boulevard, Suite 400, Arlington, VA 22201. 
Air Movement and Control Association, 30 West University Drive, Arlington Heights, IL 60004-1806. 
American National Standards Institute, Inc., 25 W. 43rd Street, 4th Floor, New York, NY 10036. 

American Society of Civil Engineers, 1801 Alexander Bell Drive, Reston, VA 20191-4400. 


American Society of Heating, Refrigerating, and Air Conditioning Engineers, Inc., 1791 Tullie Circle, NE, 
Atlanta, GA 30329-2305. 


American Society of Mechanical Engineering, Two Park Avenue, New York, NY 10016-5990. 
American Society of Sanitary Engineering, 18927 Hickory Creek Drive, Suite 220, Mokena, IL 60448. 
ASTM International, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959. 

American Welding Society, 8669 NW 36 Street, #130, Miami, FL 33166-6672. 

American Water Works Association, 6666 W. Quincy Avenue, Denver, CO 80235. 


Code of Federal Regulations, U.S Government Publishing Office, 723 North Capitol Street, N.W. Washington, 
DC 20401-001. 


Canadian Gas Association, 243 Consumers Road, Suite 1200, North York, Ontario, Canada M2J 5E3. 
Canadian Standards Association, 178 Rexdale Boulevard, Toronto, Ontario, Canada M9W I1R3. 

An editorial change since the last revision or reapproval. 

International Association of Plumbing and Mechanical Officials, 4755 E. Philadelphia Street, Ontario, CA 91761. 
Illuminating Engineering Society, 120 Wall St. Fl 17, New York, NY 10005-4026. 

International Ground Source Heat Pump Association, 1723 W. Tyler Ave. Stillwater, OK 74078. 

International Institute of Ammonia Refrigeration, 1001 N. Fairfax Street, Suite 503, Alexandria, VA 22314. 


International Organization for Standardization, 1 ch. de la Voie-Creuse, Casa Postale 56, CH-1211 Geneva 20, 
Switzerland. 


Manufacturers Standardization Society of the Valve and Fittings Industry, 127 Park Street NE, Vienna, VA 
22180. 


National Environmental Balancing Bureau, 8575 Grovemont Circle, Gaithersburg, MD 20877. 
National Fire Protection Association, 1 Batterymarch Park, Quincy, MA 02169-7471. 
National Ground Water Association, 601 Dempsey Road, Westerville, Ohio 43081-8978. 

NSF International, 789 N. Dixboro Road, Ann Arbor, MI 4810S. 

Society of Automotive Engineers, 400 Commonwealth Drive, Warrendale, PA 15096. 


Sheet Metal and Air Conditioning Contractors National Association, 4201 Lafayette Center Drive, Chantilly, 
VA 20151-1219. 


Underwriters Laboratories, Inc., 333 Pfingsten Road, Northbrook, IL 60062. 
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APPENDICES 


The appendices are intended to supplement the provisions of the installation requirements of this code. The definitions in 
Chapter 2 are also applicable to the appendices. 
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CALIFORNIA MECHANICAL CODE — MATRIX ADOPTION TABLE 
APPENDIX A — RESIDENTIAL PLAN EXAMINER REVIEW FORM FOR HVAC SYSTEM DESIGN 
(Matrix Adoption Tables are non-regulatory, intended only as an aid to the code user. See Chapter 1 for state agency authority and building applications.) 


—T 


BSC- HCD DSA OSHPD 


Adopting Agency BSC CG SFM BSCC | DPH | AGR|DWR|CEC CA | SL |SLC 


1|2/+ac|ac|ss|ssycc|1 lin}2/3/4/5 


ie 4+ { 


Adopt Entire Chapter 
Adopt Entire Chapter as 
amended (amended sections 
listed below) 
Adopt only those sections 
that are listed below 

Chapter/Section | [ [ 


This state agency does not adopt sections identified with the following symbol: + 
The Office of the State Fire Marshal’s adoption of this chapter or individual sections is applicable to structures regulated by other state agencies pursuant to 
Section 1.11.0. 
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APPENDIX A 
RESIDENTIAL PLAN EXAMINER REVIEW FORM FOR HVAC SYSTEM DESIGN 


(Loads, Equipment, Ducts) [ACCA] 


The provisions contained in this appendix are not mandatory unless specifically adopted by a state agency, or referenced in 


the adopting ordinance. 


The following Residential Plans Examiner Review Form for HVAC System Design (Loads, Equipment, Ducts), Form 
RPER?1, is included here for the convenience of the users of the Uniform Mechanical Code. 


i * Fi ry . 
COh Residential Plans Examiner Review Form <a 
AA ‘ : 1 
PB talalaes for HVAC System Design (Loads, Equipment, Ducts) 15 Mar09 
County, Town, Municipality, Jurisdiction 
Header Information 
REQUIRED ATTACHMENTS ATTACHED 
Contractor Manual J1 Form (and supporting worksheets): Yes Tj No Cl 
4 ; ; or MJ1AE Form*® (and supporting worksheets): Yes ie No [] 
Mechanical License # pat Se nak Vee a 7 OEM performance data (heating, cooling, blower): Yes["] No CJ 
Baidinm Plan ¥ Manual D Friction Rate Worksheet: Yes CT] No [] 
9 ae eS cS Duct distribution system sketch: Yes [| No nt 


Home Address (Street or Lot#, Block, Subdivision) 


HVAC LOAD CALCULATION (See Section 1105.1) 


Design Conditions 


Building Construction Information 


Winter Design Conditions 


Building 


Outdoor temperature me Orientation (Front door faces) 
oat os ° North, East, West, South, Northeast, Northwest, Southeast, Southwest 
Indoor temperature t 
i. tio <a Number of bedrooms 
Total heat loss Btu oer 


Summer Design Conditions 


Conditioned floor area Sq Ft 


Outdoortemperature Vig Number of occupants 
0 
Indoor temperature F Windows 
Grains difference AGr@ % Rh Eave overhang depth Ft 
Sensible heat gain Btu Internal shade 
Latent heat gain Btu Rindsdrapes;etc) 9 
Total heat gain : +8 Btu Number of skylights 
HVAC EQUIPMENT SELECTION 
Heating Equipment Data Cooling Equipment Data Blower Data 
Equipment type Equipment type ; 
Furnace, Heat pump, Boiler, etc. Air Conditioner, Heat pump, etc Heating CFM ree CFM 
M | 
ies noes Cooling CFM CFM 
Heating output capacity Btu Sensible cooling capacity Btu 
Heat pumps - capacity at winter design outdoor conditions E é Static pressure IWC 
Latent cooling capacity Btu Sea 


ee ret Fan's rated external static pressure for 
Btu design airflow 


Auxiliary heat output capacity Btu Total cooling capacity 


Duct Materials Used (circle) 


Design airflow CFM Longest supply duct: Ft 
a5 Fe ee aie Trunk Duct: Duct board, Flex, Sheet metal, 
External Static Pressure (ESP) IWC Longest return duct: Ft Lined sheet metal, Other (specify) 
Component Pressure Losses (CPL) IWC Total Effective Length (TEL) Ft gr ae aeE Tati aid, fox Sameer 
Available Static Pressure (ASP) IWC Friction Rate: IWC Lined sheet metal, Other (specify) 
ASP = ESP - CPI Friction Rate = (ASP x 100) * TEL 


| declare the load calculation, equipment selection, and duct system design were rigorously performed based on the building plan listed 


above, | understand the claims made on these forms will be subject to review and verification. 


Contractor's Printed Name Date 


Contractor's Signature 


* Home qualifies for MJ1AE Form based on Abridged Edition Checklist. 
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wm CALIFORNIA MECHANICAL CODE — MATRIX ADOPTION TABLE 
y APPENDIX B — PROCEDURES TO BE FOLLOWED TO PLACE GAS EQUIPMENT IN OPERATION 
(Matrix Adoption Tables are non-regulatory, intended only as an aid to the code user. See Chapter 1 for state agency authority and building applications.) 


BSC- HCD DSA OSHPD | 
SFM BSCC | DPH| AGR|DWR/|CEC CA | SL |SLC 


Adopting Agency BSC | 6G ; eer (ere st) set is 
1|2/1-AC|AC|SS|SS/CC|1/)1R)/2)/3)4)5 
X|X|X/|X|X/xX 


He 1) ole eel 


Adopt Entire Chapter xX 
Adopt Entire Chapter as 
amended (amended sections 
listed below) | I | 
Adopt only those sections 
that are listed below 

Chapter/Section | ee 


This state agency does not adopt sections identified with the following symbol: + 
The Office of the State Fire Marshal's adoption of this chapter or individual sections is applicable to structures regulated by other state agencies pursuant to 


Section 1.11.0. 
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APPENDIX B 
PROCEDURES TO BE FOLLOWED TO PLACE GAS EQUIPMENT IN OPERATION 


The provisions contained in this appendix are not mandatory unless specifically adopted by a state agency, or referenced in 


the adopting ordinance. 


B 101.0 Adjusting the Burner Input. 


B 101.1 Adjusting Input. The input rate of the burner shall 

| be adjusted to the proper value in accordance with the appli- 
ance manufacturer’s instructions. Firing at a rate in excess of 
the nameplate rating shall be prohibited. The input rate can be 
adjusted by either changing the size of a fixed orifice, chang- 
ing the adjustment of an adjustable orifice, or readjusting the 
appliance’s gas pressure regulator outlet pressure (where a 
regulator is provided in the appliance). [NFPA 54:11.1.1, 
Pret | 


B 101.2 High Altitude. Gas input ratings of appliances shall 
be used for elevations up to 2000 feet (610 m). The input rat- 

| ings of appliances operating at elevations above 2000 feet 
(610 m), shall be reduced in accordance with one of the fol- 
lowing methods: 


(1) At the rate of 4 percent for each 1000 feet (305 m) above 
sea level before selecting appropriately sized appliances. 


(2) As permitted by the Authority Having Jurisdiction. 


(3) In accordance with the manufacturer’s installation instruc- 
tions. [NFPA 54:11.1.2] 


B 102.0 Primary Air Adjustment. 


B 102.1 General. The primary air for injection (Bunsen)- 

| type burners shall be adjusted for proper flame characteris- 
tics in accordance with the appliance manufacturer’s 
instructions. After setting the primary air, the adjustment 
means shall be secured in position. [NFPA 54:11.2] 


B 103.0 Safety Shutoff Devices. 


B 103.1 General. Where a safety shutoff device is provided, 
| it shall be checked for proper operation and adjustment in 
accordance with the appliance manufacturer’s instructions. 
Where the device does not function properly to turn off the 
gas supply in the event of pilot outage or other improper oper- 
| ation, it shall be properly serviced or replaced with a new 
device. [NFPA 54:11.3] 


B 104.0 Automatic Ignition. 

B 104.1 General. Appliances supplied with means for auto- 
matic ignition shall be checked for operation within the 
parameters provided by the manufacturer. Any adjustments 


made shall be in accordance with the manufacturer’s instal- 
lation instructions. [NFPA 54:11.4] 


B 105.0 Protective Devices. 


B 105.1 General. Where required by the manufacturer’s 
| installation instructions, all protective devices furnished with 
the appliance such as a limit control, fan control to blower, 
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temperature and pressure relief valve, low-water cutoff 
device, or manual operating features, shall be checked for 
operation within the parameters provided by the manufac- 
turer. Any adjustments made shall be in accordance with the 
manufacturer’s installation instructions. [NFPA 54:11.5] 


B 106.0 Checking the Draft. 


B 106.1 General. Draft hood-equipped appliances shall be 
checked to verify that there is no draft hood spillage after 5 
minutes of main burner operation. [NFPA 54:11.6] 


B 107.0 Operating Instructions. 


B 107.1 General. Operating instructions shall be furnished 
and shall be left in a prominent position near the appliance 
for use by the consumer. [NFPA 54:11.7] i 


355 


356 2022 CALIFORNIA MECHANICAL CODE 


® CALIFORNIA MECHANICAL CODE — MATRIX ADOPTION TABLE 
4 APPENDIX C — INSTALLATION AND TESTING OF OIL (LIQUID) FUEL-FIRED EQUIPMENT 
(Matrix Adoption Tables are non-regulatory, intended only as an aid to the code user. See Chapter 1 for state agency authority and building applications.) 


= 


HCD DSA OSHPD 


: BSC- 
Adopting Agency BSC CG SFM BSCC | DPH | AGR |DWR|CEC’ CA | SL |SLC 


1/2/1+-ac|ac|ss|sscc|1|in| 2/3/41) 5 


Adopt Entire Chapter 
Adopt Entire Chapter as 
amended (amended sections 
listed below) 

Adopt only those sections 
that are listed below | | 


Chapter/Section 
| T er" 


= eS aw 


This state agency does not adopt sections identified with the following symbol: + 
The Office of the State Fire Marshal's adoption of this chapter or individual sections is applicable to structures regulated by other state agencies pursuant to 
Section 1.11.0. 
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APPENDIX C 
INSTALLATION AND TESTING OF OIL (LIQUID) FUEL-FIRED EQUIPMENT 


The provisions contained in this appendix are not mandatory unless specifically adopted by a state agency, or referenced in 


the adopting ordinance. 


C 101.0 General. 


C 101.1 Applicability. Appendix C governs the installation, 
testing, or repair of oil or liquid fuel burners, oil or liquid fuel- 
burning systems, oil or liquid fuel-burning equipment, and 
the oil or liquid fuel piping systems used in connection with 
buildings or structures and equipment within the property 
lines of the premises. 


C 102.0 Definitions. 


Anti-Flooding Device. A primary safety control that 
causes the flow of oil or fuel to be shut off after a rise in oil 
or fuel level, or after receiving excess oil or fuel, and that 
operates before the hazardous discharge of oil or fuel can 
occur. 


Burner, Automatically Ignited. A burner equipped so that 
main burner fuel may be turned on and ignited automatically. 


Burner, Manually Ignited. A burner equipped, so that main 
burner fuel is turned on only by hand and ignited under super- 
vision. 

Burner, Mechanical Draft Type. A burner that includes a 
power-driven fan, blower, or other mechanism as the primary 
means for supplying the air for combustion. 


Burner, Natural Draft Type. A burner that depends prima- 
rily on the natural draft created in the chimney or venting sys- 
tem to induce air required for combustion into the burner. 


Constant Level Valve. A device for maintaining within a 
reservoir a constant level of oil or fuel for delivery to a burner. 


Control Limit. An automatic safety control that is respon- 
sive to changes in fluid flow or level, pressure, or temperature 
and that is normally set beyond the operating range for limit- 
ing the operation of the controlled equipment by shutting off 
the energy supply. 


Control Safety. Automatic interlock controls, including 
relays, switches, and other auxiliary equipment used in con- 
junction with them, to form a safety control system that is 
intended to prevent unsafe operation of the controlled equip- 
ment. 


Draft Booster. A power-operated fan, blower, or other 
device installed in the chimney connector to increase the nat- 
ural draft developed in the connected chimney. 


Draft Regulator, Barometric. A device built into a fuel- 
burning appliance or made part of a chimney connector or 
vent connector that functions to reduce excessive draft 
through an appliance to a desired value by admitting ambient 
air into the appliance chimney, chimney connector, vent, or 
vent connector. 


Fuel. Natural, manufactured, or liquefied petroleum gas, or 
a mixture of these gases; all grades of fuel oil, wood, or any 
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other combustible or flammable material or any mixture of 
combustible or flammable materials. 


Fuel Burner. A device used to convey the appropriate fuel 
into the combustion chamber zone in close proximity to its 
primary and secondary air supply to permit a stable controlled 
heat release compatible with the burner design, listing, and 
applicable approvals in a boiler, furnace, device or appliance. 
It includes but is not limited to burning oil or liquid fuel. 


Fuel Burner System. The fuel burner and a conveyance 
system or piping system for the purpose of introducing the 
appropriate fuel into the combustion chamber zone. 


Fuel-Burning Equipment/Appliance. An oil or fuel 
burner of any type including all oil or liquid fuel burners, oil 
or liquid fuel-fired units, dual, or multi-fuel burners and heat- 
ing and cooking appliances with their fuel burner system and 
with their tank or fuel storage system, piping system, vent 
connectors, vent flues, fans, blowers, valves, control devices, 
combustion air, wiring, controls, and related devices includ- 
ing all accessories and appurtenances for safe and proper 
operation of the appliance. 


Fuel Oil. Hydrocarbon oil as specified by ASTM D396, or 
the Canadian Government Specification Board, 3-GP-28, and 
having a flashpoint of not less than 100°F (38°C). 
Fuel-Piping System. Method of conveying liquid, vapor, 
steam, gases, or slurry from one point to another, including 
accessories, appurtenances, and equipment necessary for its 
proper operation. 


Indirect-Fired Appliance. An oil or fuel-burning appli- 
ance in which products of combustion (flue gasses) are not 
mixed in the appliance with the air or other medium being 
heated. 


Labeled. Having attached a label, symbol, or other identi- 
fying mark of an organization acceptable to the Authority 
Having Jurisdiction and concerned with product evaluation 
that maintains periodic inspection of production of labeled 
equipment or materials and by whose labeling the manufac- 
turer indicates compliance with appropriate standards or per- 
formance in a specified manner. 


Premixing. A power burner in which all or nearly all of the 
air for combustion is mixed with the gas as primary air. 


Pump, Oil or Fuel Transfer. An oil or fuel pump, auto- 
matically or manually operated, that transfers oil or fuel 
through continuous piping from a supply tank to an oil or 
fuel-burning appliance or to an auxiliary tank, and that is not 
designed to stop pumping automatically in case of total break- 
age of the oil or fuel supply line between the pump and the 
appliance. 


Tank, Auxiliary. A tank having a capacity of not over 60 
gallons (227 L) listed for installation in the supply piping 
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between a burner and its main fuel supply tank. It shall be 
permitted to be included as an integral part of an automatic 
pump or a transfer pump, or it shall be permitted to be a sep- 
arate tank. 


Tank, Gravity. A supply tank from which the oil or fuel is 
delivered directly to the burner by gravity. 


Tank, Integral. A tank that is furnished by the manufacturer 
as an integral part of an oil or fuel-burning appliance. 


Tank Storage. A separate tank that is not connected to the 
oil or fuel-burning appliance. 


Tank Supply. A separate tank connected directly or by a 
pump to the oil or fuel-burning appliance. 


Tank, Vacuum or Barometric. A tank not exceeding 5 gal- 
lons (19 L) capacity that maintains a definite level of oil or 
fuel in a sump or similar receptacle by barometric feed. Fuel 
is delivered from the sump to the burner by gravity. 


Valve, Manual Oil, Gas, or Fuel Shutoff. A manually 
operated valve in a fuel line for the purpose of turning on or 
completely shutting off the fuel supply to the burner. 


Valve, Oil, Gas, or Fuel Control. An automatically or 
manually operated device consisting essentially of a fuel 
valve for controlling the fuel supply to a burner. 


C 103.0 Standards and Accepted Practices. 


C 103.1 General. The installation, testing, and repair of oil 
or liquid fuel-burning equipment systems shall be in accor- 
dance with Section C 103.0, the standards listed in Chapter 
17, and other information outlined in this code such as, but 
not limited to, combustion air, flue and breeching require- 
ments, room clearances and dimensions, and control require- 
ments. 


C 104.0 Approval of Equipment. 


C 104.1 General. Oil or liquid fuel-burning equipment shall 
be approved. 


C 105.0 Placing Equipment in Operation. 


C 105.1 General. After completion of installations, the 
installer shall test safety and operating controls and venting 
before placing the burner in service. The correct input of liq- 
uid fuel shall be determined, and the fuel-to-air ratio shall be 
set. Each oil or liquid fuel burner shall be adjusted to its input 
according to the manufacturer’s instructions. Overrating the 
burners or the appliance is prohibited. The input range shall 
be appropriate to the appliance: 


(1) For conversion burners installed in hot water (liquid) 
boilers or warm air furnaces, the rate of flow of the oil or 
liquid fuel in British thermal units per hour (Btu/h) (kW) 
shall be adjusted to within plus or minus 5 percent of the 
design load, not to exceed the design rate of the appli- 
ance. 


(2) For conversion burners installed in steam boilers, the oil 
or liquid fuel hourly input demand shall be adjusted to 
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be in accordance with the steam load requirements. The 
oil or liquid fuel input demand necessitated by an over- 
sized boiler shall be established and added to total input 
demand. 


C 106.0 Pilot Operation. 


C 106.1 General. Igniter or pilot flames shall be effective 
to ignite the oil or liquid fuel at the main burner or burners 
and shall be adequately protected from drafts. Pilot flames 
shall not become extinguished during the pilot cycle where 
the main burner or burners are turned on or off in a normal 
manner either manually or by automatic controls. 


C 107.0 Burner Operation. 


C 107.1 General. In making tests to determine compliance 
with the requirements of Section C 107.1, the following care 
shall be exercised to prevent the accumulation of unburned 
liquid fuel in the appliance that will result in an explosion or 
fire: 


(1) The flames from the burner shall ignite freely the liquid 
fuel where operating at the lowest firing position. 


(2) Burner flames shall not flash back where the liquid fuel 
is turned on or off by an automatic control mechanism. 


(3) Main burner flames shall ignite freely from the pilot 
where the pilot flame is reduced to a minimum point that 
will actuate the pilot safety device. 


(4) Where ignition is made in a normal manner, the flame 
will not flash outside the appliance. 


(5) Burners shall not expel liquid fuel through air openings 
where operating at prevailing pressure. 


(6) Burners shall have a liquid-fuel air mixture to ensure 
smooth ignition of the main burner. 


C 108.0 Method of Test. 
C 108.1 General Test Methods. 


(1) The flue gas, venting, safety and operating controls of 
the appliance shall be checked by the installer to ensure 
their proper and safe operation. 


(2) Method of test — atmospheric, induced draft or fan 
assisted types. 


(a) The appliance shall be allowed to operate until the 
stack temperature becomes stabilized, after which a 
sample of the undiluted flue products shall be taken 
from the appliance flue outlet. The sample taken 
shall be analyzed for carbon monoxide, carbon diox- 
ide, and oxygen. Stack temperature shall be noted. 

Appliance designs incorporating induced-draft 
assemblies require a flue gas sample to be taken 
ahead of the draft regulator or induced draft fan. 

(3) Performance standards for atmospheric type shall be pro- 
vided in accordance with the following: 

(a) Shall be not less than 75 percent efficiency as deter- 
mined by flue gas analysis method at the appliance 
flue outlet. 
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(4) 


(5) 


(6) 


(b) Carbon monoxide concentration in flue gas shall not 
exceed 0.04 percent. 


(c) Stack temperature shall not exceed 700°F (371°C) 
plus ambient. 


(d) Carbon dioxide concentration shall be between 8 
percent and 13 percent. 


(e) Oxygen concentration shall be between 4 percent 
and 10 percent. 


(f) Smoke test shall not exceed number 2 for light oils 
or number 4 for oils heavier than number 4. 


(g) Draft shall comply with the burner manufacturer’s 
instructions. 


Performance standards for induced-draft or fan-assisted 
types shall comply with the following: 


(a) Shall be not less than 75 percent efficiency, as deter- 
mined by flue gas analysis method at appliance flue 
outlet. 


(b) Carbon monoxide concentration in flue gas not 
exceeding 0.04 percent. 


(c) Stack temperature shall not exceed 700°F (371°C) 
plus ambient. 


(d) Carbon dioxide concentration shall be between 8 
percent and 13 percent. 


(e) Oxygen concentration shall be between 4 percent 
and 10 percent. 


(f) Smoke test shall not exceed number 2 for light oils 
or number 4 for oils heavier than number 4. 


(g) Draft shall comply with the burner manufacturer’s 
instructions. 


Induced-draft and fan-assisted types of appli- 
ances require a sample be taken after the induced- 
draft fan that will cause oxygen figures in excess of 
the limits stated. In such cases, safe liquid fuel com- 
bustion ratios shall be maintained and be consistent 
with approvals and listings of the appliance. 


Method of test — power type. 


(a) The appliance shall be allowed to operate until the 
stack temperature becomes stabilized; after that, a 
sample of the undiluted flue products shall be taken 
from the appliance flue outlet. The sample shall be 
analyzed for carbon monoxide, carbon dioxide, and 
oxygen. Stack temperature shall be noted. 


Performance standards for power type. 


(a) Shall be not less than 80 percent efficiency as deter- 
mined by flue gas analysis method at the appliance 
flue outlet. 

(b) Carbon monoxide concentration in the flue gas shall 
not exceed 0.04 percent. 


(c) Stack temperature shall not exceed 700°F (371°C) 
plus ambient. 


(d) Carbon dioxide concentration shall be between 8 
percent and 13 percent. 

(e) Oxygen concentration shall be between 4 percent 
and 10 percent. 
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(f) Smoke test shall not exceed number 2 for light oils 
or number 4 for oils heavier than number 4. 


(g) Draft shall comply with the burner manufacturer’s 
instructions. 


After completion of the test of newly installed oil or liq- 
uid fuel burner equipment as provided in this section, the 
installer shall file with the Authority Having Jurisdiction 
complete records of the test on a form approved by the 
Authority Having Jurisdiction. The tag stating the date 
of the test and the name of the installer shall be attached 
to the appliance at the main valve. 


Listing and approval. 


(a) The concentration of oxygen in the undiluted flue 
products of oil or liquid fuel burners shall in no case 
be less than 3 percent nor exceed 10 percent and 
shall be in accordance with performance standards 
and shall be consistent with the listing and approval 
of the equipment. 


(b) The allowable limit of carbon monoxide shall not 
exceed 0.04 percent. 


(c) The flue gas temperature of an oil appliance, as 
taken on the appliance side of the draft regulator, 
shall not exceed applicable performance standards 
and shall be consistent with the listing and approvals 
of the equipment. 


The oxygen figures shall not apply where there is an 
approved oxygen trim system on the burner that is 
designed for that use, including a low oxygen interlock 
where approved by the Authority Having Jurisdiction. 


(10) Supervision shall be as follows: 


(a) Supervised startup shall be required to verify the 
safe operation of an oil or liquid fuel burner and to 
provide documentation that operation is consistent 
with this code, listing, and approval. Supervised 
startup shall be required for liquid fuel burners in 
Section C 109.1(2), Section C 109.1(3), and Section 
C 109.1(4). Supervised startup requires that the liq- 
uid-fuel burner shall be tested in the presence of the 
mechanical official in a manner set forth by the 
Authority Having Jurisdiction before the installation 
is approved. Testing shall include safety and oper- 
ating controls, input, flue gas analysis, and venting. 
Flue gas shall be tested at high, medium, and low 
fires. Provisions shall be made in the system to allow 
a firing test in warm weather. After completion of 
the test of newly installed oil or liquid fuel burner 
equipment, as provided in this section, the installer 
shall file with the Authority Having Jurisdiction 
complete records of the test on a form approved by 
the Authority Having Jurisdiction. The tag stating 
the date of the test and the name of the tester shall be 
attached to the appliance at the main valve. 


(b) Oil and liquid fuel burners of 1 000 000 Btu/h (293 
kW) input or more require a supervised startup in 
accordance with Section C 108.1(10)(a). 
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(c) Installation of oxygen trim systems, modulating 
dampers, or other draft control or combustion 
devices require a supervised startup in accordance 
with Section C 108.1(10)(a). 


(d) Direct-fired heaters shall require a supervised startup 
in accordance with Section C 108.1(10)(a). 


(11)The complete control diagram of the installation and 


operating instructions shall be supplied and posted by the 
installer of the appliance. 


C 109.0 Special Requirements Based on Btu/h Input. 
C 109.1 General. 


(1) 


(2) 
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Zero to 400 000 Btu/h (0 kW to 117 kW) per burner. 

(a) One approved manual shutoff valve lever handle. 

(b) One approved fuel oil filter, installed on the supply 
piping. 

(c) Approved automatic safety shutoff valve to provide 
100 percent shutoff of all oil. 


(d) A flame safeguard control capable of providing 100 
percent shutoff in the event of flame failure. Flame 
failure response timing shall not exceed the control 
manufacturer’s instructions. 


(e) Two controls, one operating and one high limit, acti- 
vated by temperature or pressure, as appropriate. 


(f) Burners relying on mechanical means to provide air 
for combustion shall have actual proof-of-air inter- 
lock device. 


(g) Installations with dampered combustion air open- 
ings shall prove damper open position before trial 
for burner ignition. 


(h) Vent dampers and flue dampers shall be properly 
interlocked to prevent burner ignition unless safely 
open. 

Four hundred thousand and one to 999 999 Btu/h (117.2 

kW to 292.9 kW) per burner. 


(a) One approved manual shutoff valve lever handle. 

(b) One approved fuel-oil filter, installed on the supply 
piping. 

(c) Two safety shutoff valves in series, maximum five 
seconds closing time. 


(d) One electronic flame safeguard pilot control pro- 
viding a separately supervised and proven pilot, 100 
percent shutoff manual reset. Flame failure response 
time shall not exceed the control manufacturer’s 
instructions. 


Direct-spark ignition shall be allowed where 
approved by the Authority Having Jurisdiction and 
where used on number 2 or lighter oil. 


(e) Two controls, one operating and one high limit, acti- 
vated by temperature or pressure, as appropriate. 

(f) Burners relying on mechanical means to provide air 
for combustion shall have actual proof-of-air inter- 
lock device. 


(3) 


(g) Power burners shall include proven prepurge of not 
less than 60 seconds at high-fire damper settings. 
This prepurge shall occur before every burner cycle, 
regardless of reason. 

(h) Installations with dampered combustion air open- 

ings shall prove damper open position before trial 


for burner ignition. 


(i) Vent dampers and flue dampers shall be interlocked 
to prevent burner ignition unless safely open. 


(j) One high oil or liquid fuel-pressure interlock, reset 
from flame safeguard or manually. 

(k) Where hot water or steam, one low water cutoff. 

(1) An atomizing medium proving switch. 

(m) A low oil temperature switch for oil or liquid fuel 
requiring preheating. 

(n) A high oil temperature interlock for oil or liquid fuel 

requiring preheating. 

(0) The burner oil pump shall automatically not operate 

or rotate while the alternate fuel is firing. 


(p) 


A pressure-relief valve shall be provided between 
safety shutoff valves and between pump and safety 
valves where an integral valve is used with a pump. 


(q) A separate relief device is required on each transfer 
pump. 
One million to 2 499 999 Btu/h (293 kW to 732 kW) 


input per burner. 

(a) One approved manual shutoff valve lever handle. 

(b) One approved fuel-oil filter, installed on the supply 
piping. 

(c) Two safety shutoff valves in series with a combined 
flame failure response and valve closing time not to 
exceed 5 seconds with strainer directly before the 
valves. 


(d) Programmed electronic flame safeguard including 
proven low-fire start, manual reset lockout, 100 per- 
cent shutoff (both pilot and main burner), and a sep- 
arately supervised and proven pilot. 


Flame-sensing systems utilizing a UV scanner 
shall prove pilot and interrupt ignition spark prior to 
main burner valves being energized. 


(e) Two controls, one operating and one high limit, acti- 
vated by temperature or pressure. 


(f) Burners relying on mechanical means to provide air 
for combustion shall have actual proof-of-air inter- 
lock device. 


(g) 


Power burners shall include proven prepurge of not 
less than 60 seconds at high-fire damper settings. 
This prepurge shall occur before every burner cycle, 
regardless of reason. 

(h) Installations with dampered combustion air open- 
ings shall prove damper open position before trial 
for burner ignition. 
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(1) Vent dampers and flue dampers shall be interlocked 
to prevent burner ignition unless safely open. 


(j) One high oil or liquid fuel-pressure interlock, reset 
from flame safeguard or manually. 


(k) Where hot water or steam, two low water cutoffs. 

(1) An atomizing medium proving switch. 

(m) A low oil temperature switch for oil or liquid fuel 
requiring preheating. 

(n) A high oil temperature interlock for oil or liquid fuel 
requiring preheating. 

(o) The burner oil pump shall automatically not operate 
or rotate while the alternate fuel is firing. 


(p) A pressure-relief valve shall be provided between 
safety shutoff valves and between pump and safety 
valves where an integral valve is used with a pump. 


(q) A separate relief device is required on each transfer 
pump. 

(r) One low oil or liquid fuel-pressure interlock, reset 
from flame safeguard or manually. 


(s) Burners with automatic controls, prepurge, proof- 
of-closure, modulation, or postpurge shall not use 
relays external to the flame safeguard to accomplish 
these functions. 


Two million five hundred thousand to 12 499 999 Btu/h 
(733 kW to 3663.3 kW) per burner. 


(a) One approved manual shutoff valve lever handle. 

(b) One approved fuel-oil filter, installed on the supply 
piping. 

(c) Two safety shutoff valves in series, with a combined 
flame failure response and valve closing time not to 
exceed 5 seconds with strainer directly before the 
valves. 


(d) Programmed electronic flame safeguard including 
proven low-fire start, manual reset lockout, 100 per- 
cent shutoff (both pilot and main burner), and a sep- 
arately supervised and proven pilot. 


Flame-sensing systems utilizing a UV scanner 
shall prove pilot and interrupt ignition spark prior to 
main burner valves being energized. 


(e) Two controls, one operating and one high limit, acti- 
vated by temperature or pressure. 


(f) Burners relying on mechanical means to provide air 
for combustion shall have actual proof-of-air inter- 
lock device. 


(g) Power burners shall include proven prepurge of not 
less than 60 seconds at high-fire damper settings. 
This prepurge shall occur before every burner cycle, 
regardless of reason. 

(h) Installations with dampered combustion air open- 
ings shall prove damper open position before trial 
for burner ignition. 

(i) Vent dampers and flue dampers shall be interlocked 
to prevent burner ignition unless safely open. 
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(j) One high oil or liquid fuel-pressure interlock, reset 
from flame safeguard or manually. 


(k) Where hot water or steam, two low water cutoffs. 

(1) An atomizing medium proving switch. 

(m) A low oil temperature switch for oil or liquid fuel 
requiring preheating. 

(n) A high oil temperature interlock for oil or liquid fuel 
requiring preheating. 

(o) A separate firing rate control valve. 


(p) The burner oil pump shall automatically not operate 
or rotate while the alternate fuel is firing. 


(q) A pressure-relief valve shall be provided between 
safety shutoff valves and between pump and safety 
valves where an integral valve is used with a pump. 


(r) A separate relief device is required on each transfer 
pump. 

(s) One low oil or liquid fuel-pressure interlock reset 
from flame safeguard or manually. 


(t) Burners with automatic controls, prepurge, proof- 
of-closure, modulation, or postpurge shall not use 
relays external to the flame safeguard to accomplish 
these functions. 


More than 12 500 000 Btu/h (3663.4 kW) per burner 

inputs. These burners shall comply with the requirements 

of the appropriate standards listed in Chapter 17 and the 
following: 

(a) One approved manual shutoff valve lever handle. 

(b) One approved fuel-oil filter, installed on the supply 
piping. 

(c) Two safety shutoff valves in series, one with proof 
of closure, with a combined flame failure response 
and valve closing time not to exceed 2 seconds with 
strainer directly before the valves. 


(d) Programmed electronic flame safeguard including 
proven low-fire start, manual reset lockout, 100 per- 
cent shutoff (both pilot and main burner), and a sep- 
arately supervised and proven pilot. 


Flame-sensing systems utilizing a UV scanner 
shall prove pilot and interrupt ignition spark prior to 
main burner valves being energized. 


(e) Two controls, one operating and one high limit, acti- 
vated by temperature or pressure. 


(f) Burners relying on mechanical means to provide air 
for combustion shall have actual proof-of-air inter- 
lock device. 


(g) Power burners must include proven prepurge of not 
less than 60 seconds at high-fire damper settings. 
This prepurge shall occur before every burner cycle, 
regardless of reason. 


(h) Installations with dampered combustion air open- 
ings shall prove damper open position before trial 
for burner ignition. 
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(6) 


(i) 
G) 


(k) 
(I) 


Vent dampers and flue dampers shall be interlocked 
to prevent burner ignition unless safely open. 


One high oil or liquid fuel-pressure interlock; reset 
from flame safeguard or manually. 


A manual firing cock. 
Where hot water or steam, two low water cut-offs. 


(m) An atomizing medium proving switch. 


(n) 
(0) 


(p) 
(q) 


(r) 


(s) 
(t) 
(u) 


A low oil temperature switch for oil or liquid fuel 
requiring preheating. 

A high oil temperature interlock for oil or liquid fuel 
requiring pre-heating. 

A separate firing rate control valve. 


The burner oil pump shall automatically not operate 
or rotate while the alternate fuel is firing. 


A pressure-relief valve shall be provided between 
safety shutoff valves and between pump and safety 
valves where an integral valve is used with a pump. 


A separate relief device is required on each transfer 
pump. 

One low oil or liquid fuel-pressure interlock, reset 
from flame safeguard or manually. 


Burners with automatic controls, prepurge, proof- 
of-closure, modulation, or postpurge shall not use 
relays external to the flame safeguard to accomplish 
these functions. 


Shutoff Valve. 


(a) 


Oil or liquid fuel burner installations shall include a 
non-electric shutoff valve that is held open by a 
fusible link designed to close at 165°F (74°C), 
installed near the burner in the same room as the 
burner. This shall prevent the flow of oil or liquid 
fuel to the burner through the supply pipe. A check 
valve is required in the return line if the tank is 
higher than the burner. 
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Adopt only those sections 
that are listed below 


Chapter/Section 


This state agency does not adopt sections identified with the following symbol: = 
The Office of the State Fire Marshal’ adoption of this chapter or individual sections is applicable to structures regulated by other state agencies pursuant to 
Section 1.11.0. 
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APPENDIX D 
FUEL SUPPLY: MANUFACTURED/MOBILE HOME PARKS AND 
RECREATIONAL VEHICLE PARKS 


The provisions contained in this appendix are not mandatory unless specifically adopted by a state agency, or referenced in 


the adopting ordinance. 


D 101.0 Fuel Gas Piping Systems. 


| D 101.1 General. All fuel gas piping systems serving man- 
ufactured homes, accessory buildings, or structures and com- 
munities shall be designed and constructed in accordance with 
any applicable provisions of Chapter 13 and NFPA 58. NFPA 
31 shall apply to oil fuel-burning systems and shall conform 
to the criteria of the Authority Having Jurisdiction. {NFPA 
501A:4.1.1.1 — 4.1.1.2} 


D 101.2 Gas Supply Connections. Gas supply connec- 
tions at sites, where provided from an underground gas sup- 
ply piping system, shall be located and arranged to permit 
attachment to a manufactured home occupying the site. For 
the installation of liquefied petroleum gas (LP-Gas) storage 
systems, the provisions of NFPA 58 shall be followed. 
[NFPA 501A:4.1.2.1 — 4.1.2.2] 


D 101.3 Location of Gas Supply Connection. The gas 
supply to the manufactured home shall be located within 4 
feet (1219 mm) of the manufactured home stand. 


Exception: The requirement of Section D 101.3 shall not 
apply to gas supply connections for manufactured homes 
located on all-weather wood, concrete, or concrete block foun- 
dation systems or on foundations constructed in accordance 
with the local building code or, in the absence of a local code, 
with a recognized model building code. [NFPA 501A:4.1.3] 
D 101.4 Recreational Vehicle Park Fuel-Gas Equip- 
ment and Installations. Fuel gas equipment and installa- 
tions shall comply with this appendix, except as otherwise 
permitted or required by this code. 


D 102.0 Single and Multiple Manufactured Home Site 
Fuel Supply Systems. 


D 102.1 Underground Installation. Underground gas 
piping system installations shall comply with any applicable 
building code and Section D 102.1.1 and Section D 102.1.2. 
[NFPA 501A:4.2.1] 


D 102.1.1 Open-Ended Gastight Conduit. Under- 
ground gas piping shall not be installed beneath that por- 
| tion of a manufactured home site reserved for the 
location of a manufactured home or manufactured home 
accessory building or structure unless installed in the 
open-ended gastight conduit of Section D 102.1.2. 
[NFPA 501A:4.2.1.1] 
D 102.1.2 Requirements. The open-ended gastight 
| conduit shall conform to the requirements in the follow- 
ing: 
(1) The conduit shall be not less than Schedule 40 pipe 
that is approved for underground installation 
beneath buildings. 
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(2) The interior diameter of the conduit shall be not less 
than '4 of an inch (15 mm) larger than the outside 
diameter of the gas piping. 

(3) The conduit shall extend to a point not less than 4 
inches (102 mm) beyond the outside wall of the 
manufactured home or accessory building or struc- | 
ture, and the outer ends shall not be sealed. 


(4) Where the conduit terminates within a manufactured 
home or accessory building or structure, it shall be 
accessible and the space between the conduit and the 
gas piping shall be sealed to prevent leakage of gas 
into the building. [NFPA 501A:4.2.1.2—4.2.1.2.4] | 


D 103.0 Manufactured Home Site Gas Shutoff Valve. 


D 103.1 General. Each manufactured home site shall have 
a listed gas shutoff valve installed upstream of the manufac- | 
tured home site gas outlet. The gas shutoff valve shall be 
located on the outlet riser at a height of not less than 6 inches 
(152 mm) above grade. A gas shutoff valve shall not be 
located under any manufactured home. The outlet shall be 
equipped with a cap or plug to prevent discharge of gas when- 
ever the manufactured home site outlet is not connected to a 
manufactured home. [NFPA 501A:4.2.2.1 — 4.2.2.4] 


Exception: Gas shutoff valves shall conform to Section D 
103.1, except for manufactured homes located on foundations 
constructed in accordance with the local building code or, in 
the absence of a local code, with a recognized model building 
code. [NFPA 501A:4.2.2] 


D 104.0 Gas Meters. 


D 104.1 Support of Meters. Where installed, gas meters 
shall be supported by a post or bracket placed on a firm footing 
or other means providing equivalent support and shall not 
depend on the gas outlet riser for support. [NFPA 501A:4.2.3.1] 


D 104.2 Location of Meters. Each gas meter shall be 
installed in an accessible location and shall be provided with 
unions or other fittings so that the meter can be removed eas- 
ily and placed in an upright position. Meters shall not be 
installed in unventilated or inaccessible locations or closer 
than 3 feet (914 mm) to sources of ignition. [NFPA 
501A:4.2.3.2.1 — 4.2.3.2.2] i 


D 104.3 Meter Shutoff Valve or Cock. All gas meter | 
installations shall be provided with shutoff valves or cocks 
located adjacent to and on the inlet side of the meters. In the 
case of a single meter installation utilizing an LP-Gas con- 
tainer, the container service valve shall be permitted to be used 
in lieu of the shutoff valve or cock. All gas meter installations | 
shall be provided with test tees located adjacent to and on the 
outlet side of the meters. [NFPA 501A:4.2.4.1 — 4.2.4.3] { 
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D 105.0 Cathodic Protection Requirements. 


D 105.1 General. Cathodic protection shall be installed for 
corrosion control of buried or submerged metallic gas piping 
in accordance with the following requirements: 


(1) Where amphoteric metals are included in a buried or sub- 
merged pipeline containing a metal of different anodic 
potential the following protection shall be provided: 


(a) The buried or submerged pipeline shall be cathodi- 
cally protected at a negative (cathodic) voltage of 
0.85 volt, measured between the structure surface 
and a saturated copper-copper sulfate half cell con- 
tacting the electrolyte. 

(b) The amphoteric metals shall be electrically isolated 
from the remainder of the pipeline with insulating 
flanges, or equivalent, and cathodically protected. 

(2) The amount of cathodic protection shall be such that the 
protective coating and the pipe are not damaged. 


D 106.0 Manufactured Home Community LP-Gas 

Supply Systems. 

D 106.1 General. Where 10 or more customers are served by 
| one LP-Gas supply system, the installation of the gas supply 
system shall be in accordance with 49 CFR 192. Other types 
of liquefied petroleum gas supply systems and the storage and 
handling of LP-Gas shall be in accordance with NFPA 58 (see 
Section D 111.1). [NFPA 501A:4.3.2.1 — 4.3.2.2] 


D 107.0 Required Gas Supply. 


D 107.1 General. The minimum hourly volume of gas required 
at each manufactured home site outlet or any section of the man- 
ufactured home community gas piping system shall be calcu- 
lated as shown in Table D 107.1. [NFPA 501A:4.3.4.1] 


In extreme climate areas, additional capacities other than 
those shown in Table D 107.1 shall be considered. 


TABLE D 107.1 
DEMAND FACTORS FOR USE IN CALCULATING GAS PIPING 
i SYSTEMS IN MANUFACTURED HOME COMMUNITIES 
[NFPA 501A: TABLE 4.3.4.1] 


| | NUMBER OF MANUFACTURED BTU/H PER MANUFACTURED 
___HOME SITES HOME SITE 

1 _ogque yt 125 000 
p2 117 000 
tdtive 3 ‘ 104 000 
aa nt " 96 000 
z lade 28 92 000 
16901. 87 000 
; Lee L 83 000 
8 81 000 
pin 2s 9 , 79 000 

10 77 000 | 
L 11-20 66 000 
t 21-30 ] 62 000 
| 31-40 58 000 
LL 41-60 55 000 
Over 60 50 000 


For SI units: 1000 British thermal units per hour = 0.293 kW 
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D 108.0 Gas Pipe Sizing and Pressure. 


D 108.1 Size. The size of each section of a gas piping sys- 
tem shall be determined in accordance with NFPA 54, or by 
other standard engineering methods acceptable to the Author- 
ity Having Jurisdiction. [NFPA 501A:4.3.5.1] 


D 108.2 Pressure. Where all connected appliances are | 
operated at their rated capacity, the gas supply pressure shall 
be not less than 7 inches water column (1.7 kPa). The gas sup- 
ply pressure shall not exceed 14 inches water column (3.5 
kPa). [NFPA 501A:4.3.5.2] 1; 


D 109.0 Gas Piping Materials. — 


D 109.1 Metal. Metal gas pipe shall be standard-weight 
wrought iron or steel (galvanized or black), yellow brass con- 
taining not more than 75 percent copper, or internally tinned 
or treated copper of iron pipe size. Galvanizing shall not be 
considered protection against corrosion. 


Seamless copper or steel tubing shall be permitted to be 
used with gases not corrosive to such material. Steel tubing 
shall comply with ASTM A254. Copper tubing shall comply 
with ASTM B88 (Type K or Type L) or ASTM B280. Cop- 
per tubing (unless tin-lined) shall not be used if the gas con- 
tains more than an average of 0.3 grains of hydrogen sulfide 
per 100 standard cubic feet (0.7 mg/100 L) of gas. [NFPA 
501A:4.3.6.1 — 4.3.6.1.6] 


D 109.2 Protection Coatings for Metal Gas Piping. 
All buried or submerged metallic gas piping shall be protected | 
from corrosion by approved coatings or wrapping materials. 
All gas pipe protective coatings shall be approved types, shall 
be machine applied, and shall conform to recognized stan- 
dards. Field wrapping shall provide equivalent protection and 
is restricted to those short sections and fittings that are nec- 
essarily stripped for threading or welding. Risers shall be 
coated or wrapped to a point at least 6 inches (152 mm) 
aboveground. [NFPA 501A:4.3.6.2 — 4.3.6.2.4] 


D 109.3 Plastic. Plastic piping shall only be used under- 
ground and shall meet the requirements of ASTM D2513 or 
ASTM D2517, as well as the design pressure and design lim- 
itations of 49 CFR (Section 192.123), and shall otherwise 
conform to the installation requirements thereof. [NFPA 
501A:4.3.6.3] 


D 110.0 Gas Piping Installations. 


D 110.1 Minimum Burial Below Ground Level and 
Clearances. All gas piping installed belowground level 
shall have a minimum earth cover of 18 inches (457 mm) and 
shall be installed with at least 12 inches (305 mm) of clear- 
ance in any direction from any other underground utility sys- 
tem. [NFPA 501A:4.3.7.1] 


D 110.2 Metallic Gas Piping. All metallic gas piping sys- 
tems shall be installed in accordance with approved plans and | 
specifications, including provisions for cathodic protection. 
Each cathodic protection system shall be designed and 
installed to conform to the provisions of 49 CFR 192. [NFPA 
501A:4.3.7.2.1, 4.3.7.2.2] | 
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D 110.2.1 Cathodic Protection. Where the cathodic 

| protection system is designed to protect only the gas piping 
system, the gas piping system shall be electrically isolated 
from all other underground metallic systems or installa- 

tions. Where only the gas piping system is cathodically pro- 
tected against corrosion, a dielectric fitting shall be used in 
the manufactured home gas connection to insulate the man- 

| ufactured home from the underground gas piping system. 
[NFPA 501A:4.3.7.2.3, 4.3.7.2.4] 


D 110.2.2 Underground Metallic Systems. Where 


i a cathodic protection system is designed to provide all 
underground metallic systems and installations with pro- 
f tection against corrosion, all such systems and installa- 


tions shall be electrically bonded together and protected 
as a whole. [NFPA 501A:4.3.7.2.5] 


D 110.3 Plastic Gas Piping. Plastic gas piping shall be 

used underground and shall be installed with an electrically 

conductive wire for locating the pipe. The wire used to locate 

the plastic pipe shall be copper, not smaller in size than 18 
| AWG, with insulation approved for direct burial. Every por- 

tion of a plastic gas piping system consisting of metallic pipe 

shall be cathodically protected against corrosion. [NFPA 
| 501A:4.3.7.3.1 — 4.3.7.3.3] 


D 110.4 Gas Piping System Shutoff Valve. An accessi- 
ble and identifiable shutoff valve controlling the flow of gas 
to the entire manufactured home community gas piping sys- 
tem shall be installed in a location acceptable to the Author- 
ity Having Jurisdiction and near the point of connection to 
| the service piping or to the supply connection of an LP-Gas 
container. [NFPA 501A:4.3.7.4] 


D 111.0 Liquefied Petroleum Gas Appliances. 


D 111.1 General. LP-Gas equipment shall be installed in 
accordance with the applicable provisions of NFPA 58. 
[NFPA 501A:4.3.8] 


D 112.0 Oil Supply. 


D 112.1 General. The following three methods of supplying 
oil to an individual manufactured home site shall be permitted: 


(1) Supply from an outside underground tank (see Section 
D 113.6). 


(2) Supply from a centralized oil distribution system 
designed and installed in accordance with accepted engi- 
neering practices and in compliance with NFPA 31. 


(3) Supply from an outside aboveground tank (see Section D 
113.6). [NFPA 501A:4.3.9] 


D 112.2 Minimum Oil Supply Tank Size. Oil supply 
tanks shall have a minimum capacity equal to 20 percent of 
the average annual oil consumption. [NFPA 501A:4.3.10] 


D 112.3 Oil Supply Connections. Oil supply connections 
at manufactured home sites, where provided from a centralized 
oil distribution system, shall be located and arranged to permit 
attachment to a manufactured home utilizing the stand. [NFPA 
501A:4.3.11.1] The installation of such facilities shall comply 
with the following requirements: 


2022 CALIFORNIA MECHANICAL CODE 


APPENDIX D 


(1) The main distribution pipeline shall be permitted to be con- 
nected to a tank or tanks having an aggregate capacity not 
exceeding 20 000 gallons (75 708 L) at a point below the 
liquid level. 

(2) Where this piping is so connected, a readily accessible 
internal or external shutoff valve shall be installed in the 
piping as close as practicable to the tank. 

(3) Ifexternal and aboveground, the shutoff valve and its tank 
connections shall be made of steel. 

(4) Connections between the tank(s) and the main pipeline 
shall be made with double swing joints or flexible connec- 
tors, or shall otherwise be arranged to permit the tank(s) to 
settle without damaging the system. 

(5) If located aboveground, the connections specified in Sec- 
tion D 112.3(4) shall be located within the diked area. 


(6) A readily accessible and identified manual shutoff valve 
shall be installed either inside or outside of the structure in 
each branch supply pipeline that enters a building, mobile 
home, travel trailer, or other structure. If outside, the valve 
shall be protected from weather and damage. If inside, the 
valve shall be located directly adjacent to the point at which 
the supply line enters the structure. 


(7) A device shall be provided in the supply line at or ahead of 
the point where it enters the interior of the structure that 
will automatically shut off the oil supply, if the supply line 
between this device and the appliance is broken. This 
device shall be located on the appliance side of the manual 
shutoff valve required in Section D 112.3(6) and shall be 
solidly supported and protected from damage. 

(8) Means shall be provided to limit the oil pressure at the 
appliance inlet to a maximum gauge pressure of 3 pound- 
force per square inch gauge (psig) (21 kPa). If a pressure- 
reducing valve is used, it shall be a type approved for the 
service. 

(9) A device shall be provided that will automatically shut off 
the oil supply to the appliance if the oil pressure at the 
appliance inlet exceeds a gauge pressure of 8 psig (55 kPa). 
The device shall not be required under either of the fol- 
lowing conditions: 

(a) Where the distribution system is supplied from a grav- 
ity tank and the maximum hydrostatic head of oil in 
the tank is such that the oil pressure at the appliance 
inlet will not exceed a gauge pressure of 8 psig (55 
kPa). 

(b) Where a means is provided to automatically shut off 
the oil supply if the pressure-regulating device pro- 
vided in accordance with Section D 112.3(8) fails to 
regulate the pressure as required. 


(10) Only appliances equipped with primary safety controls 
specifically listed for the appliance shall be connected to a 
centralized oil distribution system. [NFPA 31:9.2.10— 
9.2.15] 


D 113.0 Fuel Supply Systems Installation. 


D 113.1 Flexible Gas Connector. Except for manufac- 
tured homes located on an all-weather wood, concrete, or con- 
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crete block foundation system or on a foundation constructed 
in accordance with the local building code or, in the absence 
of a local code, with a recognized model building code, each 
gas supply connector shall be listed for outside manufactured 
home use, shall be not more than 6 feet (1829 mm) in length, 
and shall have a capacity rating to supply the connected load. 
[NFPA 501A:4.4.1] 


D 113.2 Use of Approved Pipe and Fittings of Exten- 
| sion. Where it is necessary to extend a manufactured home 
inlet to permit connection of the 6 foot (1829 mm) listed con- 
nector to the site gas outlet, the extension shall be of approved 
materials of the same size as the manufactured home inlet and 
shall be adequately supported at no more than 4 foot (1219 
mm) intervals to the manufactured home. [NFPA 501A:4.4.2] 


D 113.3 Mechanical Protection. All gas outlet risers, reg- 
ulators, meters, valves, and other exposed equipment shall be 
protected against accidental damage. [NFPA 501A:4.4.3] 


D 113.4 Special Rules on Atmospherically Con- 

trolled Regulators. Atmospherically controlled regulators 

shall be installed in such a manner that moisture cannot enter 

the regulator vent and accumulate above the diaphragm. 

Where the regulator vent is obstructed due to snow and icing 
| conditions, shields, hoods, or other suitable devices shall be 

provided to guard against closing of the vent opening. [NFPA 
| 501A:4.4.4.1 — 4.4.4.2] 


D 113.5 Fuel Gas Piping Test. The manufactured home 
fuel gas piping system shall be tested only with air before it 
is connected to the gas supply. The manufactured home gas 
piping system shall be subjected to a pressure test with all 
appliance shutoff valves in their closed positions. [NFPA 
501A:4.4.5] 


D 113.5.1 Procedures. The fuel gas piping test shall 
| consist of air pressure at not less than 10 inches water 
column or more than 14 inches water column (2.5 kPa 
to 3.5 kPa). The fuel gas piping system shall be isolated 
from the air pressure source and shall maintain this pres- 
sure for not less than 10 minutes without perceptible 
leakage. Upon satisfactory completion of the fuel gas 
piping test, the appliance valves shall be opened and the 
gas appliance connectors shall be tested with soapy water 
or bubble solution while under the pressure remaining in 
the piping system. Solutions used for testing for leakage 
shall not contain corrosive chemicals. Pressure shall be 
| measured with a manometer, slope gauge, or gauge that 
is calibrated in either water inch (mm) or psi (kPa) with 
increments of either Yo of an inch (2.5 mm) or Mo psi 
(0.7 kPa) gauge, as applicable. Upon satisfactory com- 
i pletion of the fuel gas piping test, the manufactured home 
gas supply connector shall be installed and the connec- 
tions shall be tested with soapy water or bubble solution. 
| [NFPA 501A:4.4.5.1.1 —4.4.5.1.6] 


D 113.5.2 Warning. The following warning shall be 
supplied to the installer: 

WARNING: Do not overpressurize the fuel gas 
piping system. Damage to valves, regulators, and appli- 
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ances can occur due to pressurization beyond the maxi- | 
mums specified. [NFPA 501A:4.4.5.2] 


D 113.5.3 Vents. Gas appliance vents shall be visually 
inspected to ensure that they have not been dislodged in 
transit and are connected securely to the appliance. 
[NFPA 501A:4.4.5.3] 


D 113.6 Oil Tanks. Oil tank capacities shall comply with 
the following: 


(1) No more than one 660 gallon (2498 L) tank or two tanks 
with an aggregate capacity of 660 gallons (2498 L) or 
less shall be connected to one oil-burning appliance. 


(2) Two supply tanks, where used, shall be cross-connected 
and provided with a single fill and single vent, as 
described in NFPA 31 and shall be on a common slab 
and rigidly secured, one to the other. 


(3) Tanks having a capacity of 660 gallons (2498 L) or less | 
shall be securely supported by rigid, noncombustible 
supports to prevent settling, sliding, or lifting. [NFPA 
501A:4.4.6] 


D 113.6.1 Installation. Oil supply tanks shall be 
installed in accordance with the applicable provisions of 
NFPA 31. [NFPA 501A:4.4.6.1] 


D 113.6.2 Capacity. A tank with a capacity no larger | 
than 60 gallons (227 L) shall be permitted to be a DOT- 
5 shipping container (drum), and so marked, or a tank 
meeting the provisions of UL 80. Tanks other than DOT- | 
5 shipping containers having a capacity of not more than 
660 gallons (2498 L) shall meet the provisions of UL 80. 
Pressure tanks shall be built in accordance with Section 
VIII, Pressure Vessels, of the ASME Boiler and Pressure 
Vessel Code. [NFPA 501A:4.4.6.2.1 — 4.4.6.2.2] 


D 113.6.3 Location. Tanks, as described in Section D 
113.6 and Section D 113.6.2, that are adjacent to build- 
ings shall be located not less than 10 feet (3048 mm) 
from a property line that is permitted to be built upon. 
[NFPA 501A:4.4.6.3] 


D 113.6.4 Vent. Tanks with a capacity no larger than 660 
gallons (2498 L) shall be equipped with an open vent no 
smaller than 114 inch (40 mm) iron pipe size; tanks with 
a 500 gallon (1892 L) or less capacity shall have a vent of 
1'4 inch (32 mm) iron pipe size. [NFPA 501A:4.4.6.4] 


D 113.6.5 Liquid Level. Tanks shall be provided with 
a means of determining the liquid level. [NFPA 
501A:4.4.6.5] 

D 113.6.6 Fill Opening. The fill opening shall be a size 
and in a location that permits filling without spillage. 
[NFPA 501A:4.4.6.6] 


D 114.0 Manufactured Home Accessory Building 
Fuel Supply Systems. 

D 114.1 General. Fuel gas supply systems installed in a 
manufactured home accessory building or structure aa 
comply with the applicable provisions of NFPA 54 and NFPA 
58. Fuel oil supply systems shall comply with the applicable 
provisions of NFPA 31. [NFPA 501A:4.5.1 — 4.5.2] ' 
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D 115.0 Community Building Fuel Supply Systems 
in Manufactured Home Communities. 


D 115.1 Fuel Gas Piping and Equipment Installa- 
tions. Fuel gas piping and equipment installed within a per- 
manent building in a manufactured home community shall 
comply with nationally recognized appliance and fuel gas pip- 
ing codes and standards adopted by the Authority Having 
Jurisdiction. Where the state or other political subdivision 
does not assume jurisdiction, such fuel gas piping and equip- 
ment installations shall be designed and installed in accor- 
dance with the applicable provisions of NFPA 54 or NFPA 
| 58. [NFPA 501A:4.6.1.1 — 4.6.1.2] 


D 115.2 Oil Supply Systems in Manufactured Home 
Communities. Oil-burning equipment and installation 
| within a manufactured home community shall be designed 
and constructed in accordance with the applicable codes and 
standards adopted by the Authority Having Jurisdiction. 
Where the state or other political subdivision does not assume 
jurisdiction, such installations shall be designed and con- 
structed in accordance with the applicable provisions of 
| NFPA 31. [NFPA 501A:4.6.2.1 — 4.6.2.2] 


D 115.3 Oil-Burning Equipment and Installation. Oil- 
burning equipment and installation within a building con- 
structed in a manufactured home community in accordance 
with the local building code or a nationally recognized build- 
| ing code shall comply with nationally recognized codes and 
standards adopted by the Authority Having Jurisdiction. 
Where the state or other political subdivision does not assume 
jurisdiction, such oil-burning equipment and installations 
shall be designed and installed in accordance with the appli- 
cable provisions of NFPA 31. [NFPA 501A:4.6.3.1 — 4.6.3.2] 


D 115.4 Inspection and Tests. Inspections and tests for 
fuel gas piping shall be made in accordance with Chapter 1 
and Chapter 13 of this code. 
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CALIFORNIA MECHANICAL CODE — MATRIX ADOPTION TABLE 


= 


APPENDIX E — SUSTAINABLE PRACTICES 
(Matrix Adoption Tables are non-regulatory, intended only as an aid to the code user. See Chapter 1 for state agency authority and building applications.) 


Adopting Agency 


BSC- 
CG 


| ss 


DSA 


SS/CC 


OSHPD 


Adopt Entire Chapter 


| BSCC 


DPH 


Adopt Entire Chapter as. 
amended (amended sections 
listed below) 


[Adopt only those sections 
that are listed below 


| | anady 
'AGR DWR CEC CA SL SLC 
| | 


Chapter/Section 


This state agency does not adopt sections identified with the following symbol: + 


+ 


| 


The Office of the State Fire Marshal’s adoption of this chapter or individual sections is applicable to structures regulated by other state agencies pursuant to 


Section 1.11.0. 
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APPENDIX E 
SUSTAINABLE PRACTICES 


The provisions contained in this appendix are not mandatory unless specifically adopted by a state agency, or referenced in 


the adopting ordinance. 


E 101.0 General. 


E 101.1 Applicability. The purpose of this appendix is to 
provide a comprehensive set of technically sound provisions 
that encourage sustainable practices and works towards 
enhancing the design and construction of mechanical systems 
that result in a positive long-term environmental impact. This 
appendix is not intended to circumvent the health, safety, and 
general welfare requirements of this code. 


E 101.2 Definition of Terms. For the purposes of this code, 
the definitions shall apply to this appendix. 


No attempt is made to define ordinary words, which are 
used in accordance with their established dictionary mean- 
ings, except where a word has been used loosely, and it is 
necessary to define its meaning as used in this appendix to 
avoid misunderstanding. 


The definitions of terms are arranged alphabetically 
according to the first word of the term. 


E 201.0 Definitions. 


E 201.1 Cycles of Concentration for Cooling Towers. 
Cycles of concentration equals the specific conductance of 
the water in the cooling tower basin divided by the combined 
flow-weighted average specific conductance of the makeup 
water(s) to the cooling tower. 


E 201.2 Duct Wall Penetrations. Includes pipe, tubing, 
rods, and wire. Screws and other fasteners are not considered 
to be ductwork penetrations. 


E 201.3 Energy Star. A joint program of the U.S. Environ- 
mental Protection Agency and the U.S. Department of 
Energy. Energy Star is a voluntary program designed to iden- 
tify and promote energy-efficient products and practices. 


E 201.4 Geothermal. Renewable energy generated by 
deep-earth. 


E 201.5 Heating Seasonal Performance Factor 
(HSPF). The total heating output of a heat pump during its 
normal annual usage period for heating in British thermal 
units (Btu) (kWeh) divided by the total electric energy input 
during the same period. [ASHRAE 90.1:3.2] 


E 201.6 Integrated Energy Efficiency Ratio (IEER). A 
single-number figure of merit expressing cooling part-load 
EER efficiency for commercial unitary air-conditioning and 
heat pump equipment on the basis of weighted operation at 
various load capacities for the equipment. [ASHRAE 90.1:3.2] 


E 201.7 Integrated Part-Load Value (IPLV). A single-num- 


| ber figure of merit based on part-load EER, COPc, or kW/kW 


expressing part-load efficiency for air-conditioning and heat 
pump equipment on the basis of weighted operation at various 
load capacities for the equipment. [ASHRAE 90.1:3.2] 
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E 201.8 Joint, Transverse. Connections of two duct sec- 
tions oriented perpendicular to airflow. 


E 201.9 Maintenance. The upkeep of property or equip- 
ment by the owner of the property in accordance with the 
requirements of this appendix. 


E 201.10 Minimum Efficiency Reporting Value 
(MERV). Filter minimum efficiency reporting value, in 
accordance with ASHRAE 52.2. 


E 201.11 Multi-Occupant Spaces. Indoor spaces used for 
presentations and training, including classrooms and confer- 
ence rooms. 


E 201.12 Recirculation System. A system of hot water 
supply and return piping with shutoff valves, balancing 
valves, circulating pumps, and a method of controlling the 
circulating system. 


E 201.13 Seam, Longitudinal. Joints oriented in the direc- 
tion of airflow. 


E 201.14 Seasonal Energy Efficiency Ratio (SEER). 
The total cooling output of an air conditioner during its nor- 
mal annual usage period for cooling in Btu (kWeh) divided by 
the total electric energy input during the same period in Btu 
(kWeh). [ASHRAE 90.1:3.2] 


E 301.0 General Regulations. 


E 301.1 Installation. Mechanical systems covered by this 
appendix shall be installed in accordance with this code, other 
applicable codes, and the manufacturer’s installation and 
operating instructions. 


E 301.2 Qualifications. Where permits are required, the 
Authority Having Jurisdiction shall have the authority to 
require contractors, installers, or service technicians to 
demonstrate competency. Where determined by the Author- 
ity Having Jurisdiction, the contractor, installer or service 
technician shall be licensed to perform such work. 


E 302.0 Disposal of Liquid Waste. 


E 302.1 Disposal. It shall be unlawful for a person to cause, 
suffer, or permit the disposal of liquid wastes, in a place or 
manner, except through and by means of an approved 
drainage system, installed and maintained in accordance with 
the provisions of the plumbing code. 

E 302.2 Connections to Plumbing System Required. 
Equipment and appliances, used to receive or discharge liq- 
uid wastes or sewage, shall be connected to the drainage sys- 
tem of the building or premises in accordance with the 
requirements of the plumbing code and this appendix. 
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E 303.0 Abandonment. 


E 303.1 General. An abandoned system or part thereof cov- 
ered under the scope of this appendix shall be disconnected 
from remaining systems, drained, plugged, and capped in an 
approved manner. 


E 401.0 Water Conservation and Efficiency. 


E 401.1 General. The provisions of this section establish 
the means of conserving potable and nonpotable water used 
in and around a building. 


E 402.0 Meters. 


E 402.1 Required. A water meter shall be required for 
buildings connected to a public water system, including 
municipally supplied reclaimed (recycled) water. In other 
than single-family houses, multi-family structures not exceed- 
ing three stories above grade, and modular houses, a separate 
meter or submeter shall be installed in the following loca- 
tions: 


(1) The makeup water supply to cooling towers, evaporative 
condensers, and fluid coolers. 


(2) The makeup water supply to one or more boilers collec- 
tively exceeding | 000 000 British thermal units per hour 
(Btu/h) (293 kW). 


(3) The water supply to a water-using process where the con- 
sumption exceeds 1000 gallons per day (gal/d) (0.0438 
L/s), except for manufacturing processes. 


(4) The makeup water supply to an evaporative cooler hav- 
ing an air flow exceeding 30 000 cubic feet per minute 
(ft?/min) (14.1584 m?/s). 


E 402.2 Consumption Data. A means of communicating 
water consumption data from submeters to the water con- 
sumer shall be provided. 


E 402.3 Access. Meters and submeters shall be accessible. 


E 403.0 HVAC Water Use. 


E 403.1 Once-Through Cooling. Once-through cooling 
using potable water is prohibited. 


E 403.2 Cooling Towers and Evaporative Coolers. 
Cooling towers and evaporative coolers shall be equipped 
with makeup water and blow down meters, conductivity con- 
trollers, and overflow alarms. Cooling towers shall be 
equipped with efficiency drift eliminators that achieve drift 
reduction to 0.002 percent of the circulated water volume for 
counterflow towers and 0.005 percent for cross-flow towers. 


E 403.3 Cooling Tower Makeup Water. Not less than 5 
cycles of concentration is required for air-conditioning cool- 
ing tower makeup water having a total hardness of less than 
11 grains per gallon (gr/gal) (188 mg/L) expressed as calcium 
carbonate. Not less than 3.5 cycles of concentration is 
required for air-conditioning cooling tower makeup water 
having a total hardness equal to or exceeding 11 gr/gal (188 
mg/L) expressed as calcium carbonate. 
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Exception: Air-conditioning cooling tower makeup water 
having discharge conductivity range not less than 7 gr/gal 
(120 mg/L) to 9 gr/gal (154 mg/L) of silica measured as sili- 
con dioxide. 


E 403.4 Evaporative Cooler Water Use. Evaporative 
cooling systems shall use 3.5 gallons (13.2 L) or less of water 
per ton-hour (kWeh) of cooling where system controls are set 
to maximum water use. Water use expressed in maximum 
water use per ton-hour (kWeh) of cooling, shall be marked on 
the device and included in the product user manual, product 
information literature, and manufacturer’s installation instruc- 
tions. Water use information shall be readily available at the 
time of code compliance inspection. 


E 403.4.1 Overflow Alarm. Cooling systems shall be 
equipped with an overflow alarm to alert building own- 
ers, tenants, or maintenance personnel where the water 
refill valve continues to allow water to flow into the 
reservoir where the reservoir is full. The alarm shall have 
a sound pressure level rating of not less than 85 dBa 
measured at a distance of 10 feet (3048 mm). 


E 403.4.2 Automatic Pump Shut-Off. Cooling sys- 
tems shall automatically cease pumping water to the 
evaporation pads where airflow across evaporation pads 
ceases. 


E 403.4.3 Cooler Reservoir Discharge. A water 
quality management system (either timer or water qual- 
ity sensor) shall be provided. Where timers are used, the 
time interval between discharge of reservoir water shall 
be set to 6 or more hours of cooler operation. Where 
water quality sensors are used, the discharge of reservoir 
water shall be set for 800 ppm or more of total dissolved 
solids (TDS). Continuous discharge or continuous bleed 
systems shall not be installed. 


E 403.4.4 Discharge Water Reuse. Discharge water 
shall be reused where applications exist on site. Where a 
nonpotable water source system exists on site, evapora- 
tive cooler discharge water shall be collected and dis- 
charged to the collection system. 


Exception: Where the reservoir water affects the quality 
of the nonpotable water supply making the nonpotable 
water unusable for its intended purposes. 


E 403.4.5 Discharge Water to Drain. Where dis- 
charge water is not recovered for reuse, the sump over- 
flow line shall not be directly connected to a drain. 
Where the discharge water is discharged into a sanitary 
drain, an air gap of not less than 6 inches (152 mm) shall 
be provided between the termination of the discharge line 
and the drain opening. The discharge line shall terminate 
in a location that is visible to the building owner, tenants, 
or maintenance personnel. 


E 403.5 Use of Reclaimed (Recycled) and Onsite 
Treated Nonpotable Water for Cooling. Where 
approved for use by the water or wastewater utility and the 
Authority Having Jurisdiction, reclaimed (recycled), or on- 
site treated nonpotable water shall be permitted to be used for 
industrial and commercial cooling or air-conditioning. 
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E 403.5.1 Drift Eliminator. A drift eliminator shall be 
utilized in a cooling system, utilizing alternate sources 
of water, where the aerosolized water is capable of coming 
in contact with employees or members of the public. 

E 403.5.2 Disinfection. A biocide shall be used to treat 
the cooling system recirculation water where the recycled 
water is capable of coming in contact with employees or 
members of the public. 


E 501.0 Heating, Ventilation, and Air-Conditioning Sys- 
tems and Equipment — Energy Efficiency. 

E 501.1 Scope. The provisions of this section shall establish 
the means of enhancing energy efficiency associated with 
mechanical systems in a building. 


E 502.0 Heating, Ventilation, and Air-Conditioning 
Low-Rise Residential Buildings. 
E 502.1 General. The heating, ventilating, air-conditioning, 
for single-family houses, multi-family structures not exceeding 
three stories above grade, and modular houses shall be in accor- 
dance with Section E 502.2 through Section E 502.12. The heat- 
ing, ventilation, and air-conditioning system of other buildings 
shall be in accordance with Section E 503.0. 
E 502.2 Heating, Ventilating, and Air-Conditioning Sys- 
tems and Equipment. This section shall regulate only equip- 
ment using single-phase electric power, air conditioners, and 
heat pumps with rated cooling capacities less than 65 000 British 
thermal units per hour (Btu/h) (19 kW), warm air furnaces with 
rated heating capacities less than 225 000 Btu/h (66 kW), boil- 
ers less than 300 000 Btu/h (88 kW) input, and heating-only 
heat pumps with rated heating capacities less than 65 000 Btu/h 
(19 kW). [ASHRAE 90.2:6.2] 
E 502.2.1 Nonresidential Type Systems and Equip- 
ment. Heating, ventilating, and air-conditioning systems 
and equipment that do not fall under the requirements of 
Section E 502.0 shall be in accordance with the applicable 
requirements of Section E 503.0. 
E 502.3 Balancing. The air distribution system design, 
including outlet grilles, shall provide a means for balancing the 
air distribution system unless the design procedure provides a 
system intended to operate within plus or minus 10 percent of 
design air quantities. [ASHRAE 90.2:6.3] 
E 502.3.1 Balancing Dampers. Balancing dampers 
shall be installed in branch ducts, and the axis of the 
damper shall be installed parallel to the direction of airflow 
in the main duct. 
E 502.4 Ducts. Ducts shall be sized, installed, and tested in 
accordance with Section E 502.4.1 through Section E 502.4.4. 
E 502.4.1 Insulation for Ducts. Portions of the air dis- 
tribution system installed in or on buildings for heating and 
cooling shall be R-8. Where the mean outdoor dew-point 
temperature in a month exceeds 60°F (16°C), vapor 
retarders shall be installed on conditioned-air supply ducts. 
Vapor retarders shall have a water vapor permeance not 
exceeding 0.5 perm [2.87 E-11 kg/(Pa*sem?)] where tested 
in accordance with Procedure A in ASTM E96. 
Insulation shall not be required where the ducts are 
within the conditioned space. [ASHRAE 90.2:6.4] 
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E 502.4.2 Ducts and Register Penetrations. Joints, 
seams, and penetrations of duct systems shall be made 
airtight by means of mastics, gasketing, or other means 
in accordance with this code. Register penetrations shall 
be sealed to the wall or floor assemblies. Where HVAC 
duct penetrates a conditioned space, the duct penetration 
shall be sealed to the wall or floor assembly to prevent 
leakage into an unconditioned space. 


E 502.4.3 Duct Leakage Test. For systems with a 
duct or air handler outside of the conditioned space, a 
duct leakage test shall be performed in accordance with 
Section E 502.4.3.1. 


E 502.4.3.1 Duct Leakage Verification Test. 
Ductwork shall be tested to the maximum permitted 
leakage in 1 cubic foot per minute (ft?/min) per 100 
square feet [0.0001 (m?/s)/m7] of duct surface area in 
accordance with SMACNA HVAC Air Duct Leak- 
age Test Manual. Register penetrations shall be 
sealed during the test. The test shall be conducted 
with a pressure differential of 0.1 inch water gauge 
(0.02 kPa) across the tested system. 
E 502.4.4 Duct Sizing. Duct systems shall be sized in 
accordance with ACCA Manual D or other methods 
approved by the Authority Having Jurisdiction with the 
velocity in the main duct not to exceed 1000 feet per 
minute (ft/min) (5.08 m/s) and the velocity in the sec- 
ondary branch duct not to exceed 600 ft/min (3.048 m/s). 
E 502.5 Insulation for Piping. HVAC system piping 
installed to serve buildings and within buildings shall be ther- 
mally insulated in accordance with Table E 502.5. [ASHRAE 
90.2:6.5] 
E 502.6 Ventilation and Combustion Air. The building 
shall be designed to have the capability to provide the venti- 
lation air specified in Table E 502.6. Mechanical ventilation 
shall be calculated in accordance with Equation E 502.6. 
[ASHRAE 90.2:6.6.1] 


(Equation E 502.6) 
Mechanical Ventilation = [(0.35 — Summer) x Volume] / 60 


Where: 


Mechanical Ventilation = required mechanical ventilation 
rate to supplement summer infil- 
tration, CFM (m?/s) 


Summer = summer design infiltration rate, ACH 
Volume = volume of conditioned space, ft? (m>*) 


E 502.6.1 Combustion Air. Combustion air for fossil 
fuel heating equipment shall comply with this code or 
with one of the following: 


(1) Natural gas and propane heating equipment, NFPA 
54 


(2) Oil heating equipment, NFPA 31 


(3) Solid fuel burning equipment, 
[ASHRAE 90.2:6.6.2] 


NFPA 211 
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E 502.7 Electric Heating Systems. Electric heating sys- E 502.7.2 Electric Central Warm Air Heating. _ 
tems shall be installed in accordance with the following Where electric central warm air heating is to be installed, 
requirements. [ASHRAE 90.2:6.7] an electric heat pump or an off-peak electric heating sys- 

E 502.7.1 Wall, Floor, or Ceiling Electric-Resis- tem with thermal storage shall be used. 

tance Heating. Where wall, floor, or ceiling electric- Exceptions: 


resistance heating units are used, the structure shall be 
zoned and heaters installed in each zone in accordance 
with the heat loss of that zone. Where living and sleep- 
ing zones are separate, the number of zones shall be not 
less than two. Where two or more heaters are installed 


in one room,.they shall be controlled by one thermostat. (2) Packaged air-conditioning units with supplemental 
[ASHRAE 90.2:6.7.1] electric heat. [ASHRAE 90.2:6.7.2] 


(1) Electric resistance furnaces where the ducts are 
located inside the conditioned space, and not less 
than two zones are provided where the living and 
sleeping zones are separate. 


TABLE E 502.5 
MINIMUM PIPE INSULATION THICKNESS" 
[ASHRAE 90.2: TABLE 6.5] 


INSULATION CONDUCTIVITY NOMINAL PIPE DIAMETER (inches) 
FLUID DESIGN vc , " od} aD 
‘OPERATING lauincoarr|eMANTATNG| = g| vam | swroan | vos | SAUMLTOO 
RANGE (°F) 
Sie HEATING SYSTEMS (STEAM, STEAM CONDENSATE, AND HOT WATER)*? 
201—250 0.27-0.30 150 [5 jes) 2.0 2.0 220 
141-200 0.25—-0.29 125 1.0 1.0 1.0 IES eS 
105-140 0.22—0.28 100 0.5 0.5 1.0 1.0 1.0 
COOLING SYSTEMS (CHILLED WATER, BRINE, ANDREFRIGERANT)‘ 
40-55 0.22-0.28 | 100 0.5 0.5 1.0 1.0 1.0 
Below 40 0.22-0.28 100 0.5 1.0 1.0 1.0 1s 


For SI Units: °C= (°F-32)/1.8, 1 British thermal unit inch per hour square foot degree Fahrenheit = [0.1 W/(meK)], 1 inch = 25 mm 
Notes: 
! 


For insulation outside the stated conductivity range, the minimum thickness (7) shall be determined as follows: 
T=r{(1+tr)*— 1} 


Where: 

T= minimum insulation thickness (inches). 

r= actual outside radius of pipe (inches) (mm). 

t = insulation thickness listed in this table for applicable fluid temperature and pipe size. 

K = conductivity of alternate material at mean rating temperature indicated for the applicable fluid temperature [Btusin/(heft?*°F)] [W/(msK)]. 

k = the upper value of the conductivity range listed in this table for the applicable fluid temperature. 

These thicknesses are based on energy efficiency considerations only. Additional insulation is sometimes required relative to safety issues/surface temperature. 
Piping insulation is not required between the control valve and coil on run-outs where the control valve is located within 4 feet (1219 mm) of the coil and 
the pipe size is 1 inch (25 mm) or less. 

These thicknesses are based on energy efficiency considerations only. Issues such as water vapor permeability or surface condensation sometimes require 
vapor retarders, additional insulation or both. 

For piping exposed to outdoor air, increase insulation thickness by 2 of an inch (12.7 mm). The outdoor air is defined as any portion of insulation that is exposed 
to outdoor air. For example, attic spaces and crawl spaces are considered exposed to outdoor air. 


w Nw 


TABLE E 502.6 
VENTILATION AIR 
ne : rth [ASHRAE 90.2: TABLE 6.6.1] ie 
CATEGORY MINIMUM REQUIREMENT CONDITIONS 
‘Asa haiticksiesasanened 50 f3/min outd é Where summer design infiltration rate calculated in accordance with 
age ache anal py uber ad reference standard (a) or (b) is less than 0.35 ACH?. 

Kitchen exhaust 100 ft?/min intermittent All conditions 
Bath exhaust intermittent All conditions ye F 
For SI units: 1 cubic foot per minute = 0.00047 m?/s 
Notes: 


' Calculate in accordance with Equation E 502.6. 
2 
“ Reference standards: 

(a) ACCA Manual J 

(b) ASHRAE GRP-158 
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E 502.8 Bath Ceiling Units. Bath ceiling units providing 
a combination of heat, light, or ventilation shall be provided 
with controls permitting separate operation of the heating 
function. [ASHRAE 90.2:6.8] 


E 502.9 HVAC Equipment, Rated Combinations. 
HVAC system equipment and system components shall be 
furnished with the input(s), the output(s), and the value of the 
appropriate performance descriptor of HVAC products in 
accordance with federal law or in accordance with Table E 
502.9, as applicable. These shall be based on newly produced 
equipment or components. Manufacturer’s instructions shall 
be furnished with and attached to the equipment. The manu- 
facturer of electric-resistance heating equipment shall furnish 
full-load energy input over the range of voltages at which the 
equipment is intended to operate. [ASHRAE 90.2:6.9] 


E 502.10 Controls. Each system or each zone within a sys- 
tem shall be provided with not less than one thermostat capa- 
ble of being set from 55°F (13°C) to 85°F (29°C) and capable 
of operating the system’s heating and cooling. The thermostat 
or control system, or both, shall have an adjustable deadband, 
the range of which includes a setting of 10°F (6°C) between 
heating and cooling where automatic changeover is provided. 
Wall-mounted temperature controls shall be mounted on an 
inside wall. [ASHRAE 90.2:6.10.1] 


E 502.10.1 Initial Control Setting. The control shall 
initially be set for a maximum heating temperature of 
70°F (21°C) and a cooling temperature of not less than 
78°F (26°C). 

E 502.10.2 Ventilation Control. Each mechanical ven- 
tilation system (supply, exhaust, or both) shall be equipped 
with a readily accessible switch or other means for shutoff. 
Manual or automatic dampers installed for the purpose of 
isolating outside air intakes and exhausts from the air dis- 
tribution system shall be designed for tight shutoff. 
[ASHRAE 90.2:6.10.2] 


E 502.10.3 Humidity Control. Where additional 
energy-consuming equipment is provided for adding 
moisture to maintain specific selected relative humidities 
in spaces or zones, a humidistat shall be provided. This 
device shall be capable of being set to prevent energy 
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from being used to produce relative humidity within the 
space above 30 percent. [ASHRAE 90.2:6.10.3.1] 


E 502.10.3.1 Cooling. Where additional energy- 
consuming equipment is provided for reducing 
humidity, it shall be equipped with controls capable 
of being set to prevent energy from being used to 
produce a relative humidity within the space below 
50 percent during periods of human occupancy and 
below 60 percent during unoccupied periods. 
[ASHRAE 90.2:6.10.3.2] 


E 502.10.4 Freeze Protection Systems. Freeze pro- 
tection systems, such as heat tracing of outdoor piping 
and heat exchangers, including self-regulating heat trac- 
ing, shall include automatic controls capable of and con- 
figured to shut off the systems where outdoor air 
temperatures are above 40°F (4°C) or where the condi- 
tions of the protected fluid will prevent freezing. Snow- 
and ice-melting systems shall include automatic controls 
capable of and configured to shut off the systems where 
the pavement temperature is above 50°F (10°C) and no 
precipitation is falling and an automatic or manual control 
that will allow shutoff where the outdoor temperature is 
above 40°F (4°C) so that the potential for snow or ice 
accumulation is negligible. [ASHRAE 90.1:6.4.3.7] 


E 502.10.5 Other Controls. Where setback, zoned, 
humidity and cooling controls and equipment are pro- 
vided, they shall be designed and installed in accordance 
with Section E 502.10 through Section E 502.10.3.1. 
[ASHRAE 90.2:6.10.3.3] 


E 502.11 Whole House Fans. Whole house exhaust fans 
shall have insulated louvers or covers which close where the 
fan is off. Covers or louvers shall have an insulation value of 
not less than R-4.2, and shall be installed in accordance with 
the manufacturer’s installation instructions. The attic open- 
ings shall be sufficient to accommodate the ventilation capac- 
ity of the whole house fan. The operation of the whole house 
fan shall be considered in determining the adequacy of pro- 
viding combustion air in accordance with this code. 

E 502.12 Dampers. Dampers shall be installed to close off 
outdoor air inlets and exhaust outlets where the ventilation 
system is not operating. 


TABLE E 502.9 
MINIMUM REQUIREMENTS FOR NON-FEDERALLY COVERED HVAC EQUIPMENT 
[ASHRAE 90.2: TABLE 6.9] 


EQUIPMENT TYPE SUBCATEGORY OR RATING CONDITION MINIMUM EFFICIENCY TESTPROCEDURE i 
Gosling Mode 11.0 EER at 70°F Ent. Water 
Groundwater source heat pump* + PEE elle Pee cs ARI 325 | 
? 3.4 COP at 70°F Ent. Water | 
isa? SK aes 3.0 COP at 50°F Ent. Water ; | 

: 9.3 EER at 85°F Ent. Water 
bi Pao Water cooled split system 83 IPLV at 75°F Ent. Water cindeong | 
Evaporatively cooled split system iS Lut | 
# 8.5 IPLV at 80°F Out. Amb. | 


For SI units: °C = (°F-32)/1.8 


* Performance for electrically powered equipment with capacity less than 65 000 Btu/h (19 kW) where rated in accordance with ARI 325. 
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E 503.0 Heating, Ventilation, and Air-Conditioning — 
Other than Low-Rise Residential Buildings. 
E 503.1 General. The heating, ventilation, and air-condition- 
ing in buildings, other than single-family houses, multi-family 
structures of not more than three stories above grade, and mod- 
ular houses, shall be in accordance with Section E 503.0. 
E 503.1.1 New Buildings. Mechanical equipment and 
systems serving the heating, cooling, ventilating, or 
refrigeration needs of new buildings shall be in accor- 
dance with the requirements of this section as described 
in Section E 503.2. [ASHRAE 90.1:6.1.1.1] 
E 503.1.2 Additions to Existing Buildings. Mechan- 
ical equipment and systems serving the heating, cooling, 
ventilating, or refrigeration needs of additions to existing 
buildings shall be in accordance with the requirements of 
this section as described in Section E 503.2. 
Exception: Where HVACR to an addition is provided by 
existing HVACR systems and equipment, such existing 
systems and equipment shall not be required to be in 
accordance with this appendix. A new system or equip- 
ment installed shall be in accordance with specific 
requirements applicable to those systems and equipment. 
[ASHRAE 90.1:6.1.1.2] 
E 503.1.3 Alterations to Heating, Ventilating, Air- 
Conditioning, and Refrigeration in Existing 
Buildings. New HVACR equipment as a direct replace- 
ment of existing HVACR equipment shall be in accor- 
dance with the following sections as applicable for the 
equipment being replaced: 
(1) Section E 503.3 
(2) Section E 503.4 
(3) Section E 503.4.6 
(4) Section E 503.4.6.2 
(5) Section E 503.4.6.3 
(6) Section E 503.4.6.4 
(7) Section E 503.4.6.8 
(8) Section E 503.4.6.9 
(9) Section E 503.4.6.11 
(10) Section E 503.5.1 
(11) Section E 503.5.3 
(12) Section E 503.5.4 
(13) Section E 503.5.6.1.2 
(14) Section E 503.5.6.2 
(15) Section E 503.5.6.5 
(16) Section E 503.5.7 
(17) Section E 503.5.7.2 
(18) Section E 503.5.8.1. [ASHRAE 90.1:6.1.1.3.1] 
E 503.1.3.1 New Cooling Systems. New cooling 
systems installed to serve previously uncooled spaces 
shall be in accordance with this section as described 
in Section E 503.2. [ASHRAE 90.1:6.1.1.3.2] 
E 503.1.3.2 Existing Cooling Systems. Alter- 
ations to existing cooling systems shall not decrease 
economizer capability unless the system is in accor- 


dance with Section E 503.5 through Section 503.5.4.1. 

[ASHRAE 90.1:6.1.1.3.3] 

E 503.1.3.3 Ductwork. New and replacement duct- 

work shall comply with Section E 503.4.7.1 through 

Section E 503.4.7.2.1. [ASHRAE 90.1:6.1.1.3.4] 

E 503.1.3.4 Piping. New and replacement piping 

shall comply with Section E 503.4.7.1. 

Exceptions: 

(1) For equipment that is being modified or 
repaired but not replaced, provided that such 
modifications or repairs will not result in an 
increase in the annual energy consumption of 
the equipment using the same energy type. 

(2) Where a replacement or alteration of equipment 
requires extensive revisions to other systems, 
equipment, or elements of a building, and such 
replaced or altered equipment is a like-for-like 
replacement. 

(3) Fora refrigerant change of existing equipment. 

(4) For the relocation of existing equipment. 

(5) For ducts and piping where there is insufficient 
space or access to comply with these require- 
ments. [ASHRAE 90.1:6.1.1.3.5] 

E 503.2 Compliance Path(s). Section E 503.0 shall be 

achieved in accordance with the requirements of Section E 

503.1.1 through Section E 503.1.3.4, Section E 503.6, Sec- 

tion E 503.7, and one of the following: 

(1) Section E 503.3 and Section E 503.3.1 

(2) Section E 503.4 

(3) Section E 503.4 and Section E 503.8 [ASHRAE 90.1:6.2.1] 
E 503.2.1 Projects Using Energy Cost Budget 
Method. Projects using the energy cost budget method 
in accordance with ASHRAE 90.1 shall comply with 
Section E 503.4, the mandatory provisions of this sec- 


tion, as a portion of that compliance path. [ASHRAE 
90.1:6.2.2] 


E 503.3 Simplified Approach Option for HVAC Sys- 

tems. The simplified approach shall be an optional path for 

compliance where the following conditions are met: 

(1) The building is not more than two stories in height. 

(2) Gross floor area is less than 25 000 square feet (2322.6 m’). 

(3) The HVAC system in the building is in accordance with 
the requirements listed in Section E 503.3.1. [ASHRAE 
9031:632h] 


E 503.3.1 Criteria. The HVAC system shall comply 
with the following criteria: 


(1) The system serves a single HVAC zone. 


(2) The equipment shall comply with the variable flow 
requirements of Section E 503.5.6.2. 

(3) Cooling (where any) shall be provided by a unitary 
packaged or split-system air conditioner that is either 
air-cooled or evaporatively cooled, with efficiency 
that is in accordance with the requirements shown 
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in Table E 503.7.1(1), Table E 503.7.1(2), or Table 
E 503.7.1(4) for the applicable equipment category. 


(4) The system shall have an air economizer in accor- 
dance with Section E 503.5 and Section E 503.4.6.13. 


(5) Heating (where any) shall be provided by a unitary 
packaged or split-system heat pump that is in accor- 
dance with the applicable efficiency requirements 
shown in Table E 503.7.1(2) or Table E 503.7.1(4), 
a fuel-fired furnace that is in accordance with the 
applicable efficiency requirements shown in Table E 
503.7.1(5), an electric resistance heater, or a base- 
board system connected to a boiler that is in accor- 
dance with the applicable efficiency requirements 
shown in Table E 503.7.1(6). 


(6) The system shall comply with the exhaust air energy 
recovery requirements in accordance with Section E 
503.5.10. 


(7) The system shall be controlled by a manual 
changeover or dual setpoint thermostat. 


(8) Where a heat pump equipped with auxiliary internal 
electric resistance heaters is installed, controls shall 
be provided that prevent supplemental heater oper- 
ation where the heating load is capable of being met 
by the heat pump alone during both steady-state 
operation and setback recovery. Supplemental 
heater operation shall be permitted during outdoor 
coil defrost cycles. The heat pump shall be con- 
trolled in accordance with one of the following: 


(a) A digital or electronic thermostat designed for 
heat pump use that energizes auxiliary heat 
where the heat pump has insufficient capacity 
to maintain setpoint or to warm up the space at 
a sufficient rate. 


(b) A multistage space thermostat and an outdoor 
air thermostat wired to energize auxiliary heat 
on the last stage of the space thermostat and 
where outdoor air temperature is less than 40°F 
(4°C). 

Exceptions: Heat pumps that comply with the fol- 

lowing: 

(1) Have a minimum efficiency regulated by 
NAECA. 


(2) In accordance with the requirements shown in 
Table E 503.7.1(2). 


(3) Include all usage of internal electric resistance 
heating. 
(9) The system controls shall not permit reheat or other 
form of simultaneous heating and cooling for 
humidity control. 


(10)Systems serving spaces other than hotel or motel 
guest rooms, and other than those requiring contin- 
uous operation, which have both a cooling or heat- 
ing capacity more than 15 000 Btu/h (4.4 kW) anda 
supply fan motor power more than 0.75 horsepower 
(hp) (0.56 kW), shall be provided with a time clock 
that is in accordance with the following: 
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(a) Can start and stop the system under different 
schedules for seven different day-types per week. 


(b) Is capable of retaining programming and time 
setting during a loss of power for a period of not 
less than 10 hours. 


(c) Includes an accessible manual override that 
allows temporary operation of the system for up 
to 2 hours. 


(d) Is capable of and configured with temperature 
setback down to 55°F (13°C) during off hours. 


(e) Is capable of and configured with temperature 
setup to 90°F (32°C) during off hours. 


(11) Systems serving hotel/motel guest rooms shall com- 
ply with Section E 503.4.6.3.5. 


(12) Except for piping within manufacturer’s units, 
HVAC piping shall be insulated in accordance with 
Table E 503.7.3(1) and Table E 503.7.3(2). Insula- 
tion exposed to weather shall be suitable for outdoor 
service, e.g., protected by aluminum, sheet metal, 
painted canvas, or plastic cover. Cellular foam insu- 
lation shall be protected as above or painted with a 
coating that is water retardant and provides shielding 
from solar radiation. 


(13) Ductwork and plenums shall be insulated in accor- 
dance with Table E 503.7.2 and shall be sealed in 
accordance with Section E 503.4.7.2. 


(14) Construction documents shall require a ducted sys- 
tem to be air balanced in accordance with industry- 
accepted procedures. 


(15) Outdoor air intake and exhaust systems shall comply 
with Section E 503.4.6.4 through Section E 
503.4.6.5. 


(16) Where separate heating and cooling equipment 
serves the same temperature zone, thermostats shall 
be interlocked to prevent simultaneous heating and 
cooling. 

(17) Systems with a design supply air capacity more than 
10 000 ft?/min (4.7195 m?/s) shall have optimum 
start controls. 


(18) The system shall comply with the demand control 
ventilation requirements of Section E 503.4.6.9 and 
the ventilation design requirements of Section E 
503.5.6.6. 


(19) The system shall comply with the door switch require- 
ments of Section E 503.5.14. [ASHRAE 90.1:6.3.2] 


E 503.3.2 Climate Zone Determination. Climate 
zones identified in this appendix shall be determined in 
accordance with ASHRAE 90.1. For locations in the 
United States and its territories, the assigned climate 
zone and, where required, the assigned climate zone let- 
ter shall be in accordance with ASHRAE 169. 

Exception: Where recorded historical climatic data are 
available for a construction site, it is permitted to be used 


to determine compliance where approved by the Author- 
ity Having Jurisdiction. [ASHRAE 90.1:5.1.4.1] 
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E 503.4 Mandatory Provisions. Equipment shown in 
Table E 503.7.1(1) through Table E 503.7.1(16) shall have a 
minimum performance at the specified rating conditions 
where tested in accordance with the specified test procedure. 
Where multiple rating conditions or performance require- 
ments are provided, the equipment shall satisfy the stated 
requirements unless otherwise exempted by footnotes in the 
table. Equipment covered under the Federal Energy Policy 
Act of 1992 (EPACT) shall have no minimum efficiency 
requirements for operation at minimum capacity or other than 
standard rating conditions. Equipment used to provide serv- 
ice water-heating functions as part of a combination system 
shall satisfy the stated requirements for the appropriate space 
heating or cooling category. 

Tables are as follows: 

(1) Table E 503.7.1(1), “Electrically Operated Unitary Air 
Conditioners and Condensing Units-Minimum Effi- 
ciency Requirements” 

(2) Table E 503.7.1 (2), “Electrically Operated Unitary and 
Applied Heat Pumps-Minimum Efficiency Requirements” 

(3) Table E 503.7.1 (3), “Water-Chilling Packages-Effi- 
ciency Requirements” (See Section E 503.4.1 for water- 
cooled centrifugal water-chilling packages that are 
designed to operate at nonstandard conditions.) 

(4) Table E 503.7.1 (4), “Electrically Operated Packaged 
Terminal Air Conditioners, Packaged Terminal Heat 
Pumps, Single-Package Vertical Air Conditioners, Sin- 
gle-Package Vertical Heat Pumps, Room Air Condition- 
ers, and Room Air Conditioner Heat Pumps-Minimum 
Efficiency Requirements” 

(5) Table E 503.7.1 (5), “Warm-Air Furnaces and Combi- 
nation Warm-Air Furnaces/Air-Conditioning Units, 
Warm-Air Duct Furnaces, and Unit Heaters-Minimum 
Efficiency Requirements” 

(6) Table E 503.7.1 (6), “Gas- and Oil-Fired Boilers-Mini- 
mum Efficiency Requirements” 

(7) Table E 503.7.1 (7), “Performance Requirements for 
Heat-Rejection Equipment” 

(8) Table E 503.7.1 (8), “Heat Transfer Equipment” 

(9) Table E 503.7.1 (9), “Electrically Operated Variable- 
Refrigerant-Flow Air Conditioners- Minimum Efficiency 
Requirements” 

(10) Table E 503.7.1 (10), “Electrically Operated Variable- 
Refrigerant-Flow and Applied Heat Pumps-Minimum 
Efficiency Requirements” 

(11) Table E 503.7.1 (11), “Air Conditioners and Condens- 
ing Units Serving Computer Rooms” 

(12) Table E 503.7.1 (12), “Commercial Refrigerators and 
Freezers-Minimum Efficiency Requirements” 

(13) Table E 503.7.1 (13), “Commercial Refrigeration-Mini- 
mum Efficiency Requirements” 

(14)Table E 503.7.1 (14), “Vapor-Compression-Based 
Indoor Pool Dehumidifiers-Minimum Efficiency 
Requirements” 

(15) Table E 503.7.1 (15), “Electrically Operated DX-DOAS 
Units, Single-Package and Remote Condenser, without 
Energy Recovery-Minimum Efficiency Requirements” 
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(16) Table E 503.7.1 (16), “Electrically Operated DX-DOAS 
Units, Single-Package and Remote Condenser, with 
Energy Recovery-Minimum Efficiency Requirements” 


All furnaces with input ratings of 225 000 Btu/h (66 kW) 
or more, including electric furnaces, that are not located 
within the conditioned space shall have jacket losses not 
exceeding 0.75 percent of the input rating. Air conditioners 
primarily serving computer rooms and covered by ASHRAE 
127 shall comply with the requirements in Table E 
503.7.1(11). All other air conditioners shall meet the require- 
ments in Table E 503.7.1(1). [ASHRAE 90.1:6.4.1.1] 


E 503.4.1 Water-Cooled Centrifugal Chilling 
Packages. Equipment not designed for operation in 
accordance with AHRI 550/590 test conditions of 
44.00°F (6.67°C) leaving and 54.00°F (12.22°C) enter- 
ing chilled-fluid temperatures, and with 85.00°F 
(29.44°C) entering and 94.30°F (34.61°C) leaving con- 
denser-fluid temperatures, shall have maximum full-load 
kW/ton (FL) and part-load rating requirements adjusted 
in accordance with Equation E 503.4.1(1) through Equa- 
tion E 503.4.1(3): 


Flagj = FLIK gj [Equation E 503.4.1(1)] 

PlVagy = IPLVIP/K agy [Equation E 503.4.1(2)] i 

Kadj = AxB [Equation E 503.4.1(3)] 

Where: 

FL = full-load kW/ton value from Table E 
503.7.1(3) 

FL adi = maximum full-load kW/ton rating, adjusted 


for nonstandard conditions 
IPLVIP = IPLVJIP value from Table E 503.7.1(3) 


PLVagj = maximum NPLYV rating, adjusted for non- 
standard conditions 


A = 0.00000014592 x (LIFT)* - 0.0000346496 
x (LIFT), + 0.00314196 x (LIFT) - 
0.147199 x (LIFT) + 3.93073 


B = 0.0015 x LvgEvap + 0.934 

LIFT = LygCond - LvygEvap 

LvgCond = Full-load condenser leaving fluid tempera- 
ture (CF) 

LyvgEvap = Full-load evaporator leaving temperature 
(°F) 


The FL jg; and PLV,, 3; values shall only be applica- 


ble for Centrifugal chillers meeting all of the following | 


full-load design ranges: 

(1) 36.00°F (2.22°C) < LvgEvap < 60.00°F (15.56°C) 

(2) LygCond < 115.00°F (46.11°C) 

(3) 20.00°F (-6.67°C) < LIFT < 80.00°F (26.67°C) 
Manufacturers shall calculate the FL, 4; and PL Vadj 

before determining whether to label the chiller in accor- 

dance with Section E 503.4.4. Chillers that are in accor- 

dance with ASHRAE 90.1 shall be labeled on chillers in 

accordance with the scope of ASHRAE 90.1. 
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Centrifugal chillers designed to operate outside of 
these ranges shall not be covered under this appendix. 


Example: Path A, 600 ton (600 000 kg) centrifugal 
chiller Table E 503.7.1(3) efficiencies. 


FL 0.5600 kW/ton 

IPLVIP = 0.5000 kW/ton 

LygCond = 91.16°F 

LvgEvap = 42.00°F 

LIFT = 91.16°F — 42.00°F = 49.16°F 

A = 0.00000014592 x (49.16)* - 0.0000346496 


x (49.16)? + 0.00314196 x (49.16) - 
0.147199 x (49.16) + 3.93073 = 1.02331 


B = 0.0015 x 42.00 + 0.934 = 0.99700 
Kadj = AxB 

Flajd = 0.5600/1.02024 = 0.5489 kW/ton 
PLVagj = 0.5000/1.02024 = 0.4901 kW/ton 


[ASHRAE 90.1:6.4.1.2.1] 


For SI units: 1 metric ton = 1000 kg, 1000 British thermal units per 
hour = 0.293 kW, | gallon per minute = 0.06 L/s, °C = (°F-32)/1.8 


E 503.4.1.1 Positive Displacement (air- and 
water-cooled) Chilling Packages. Equipment 
with an evaporator leaving fluid temperature higher 
than 32.00°F (0.00°C) and water-cooled positive 
displacement chilling packages with a condenser 
leaving fluid temperature below 115.00°F (46.11°C) 
shall show compliance with Table E 503.7.1(3) 
when tested or certified with water at standard rating 
conditions, in accordance with the referenced test 
procedure. [ASHRAE 90.1:6.4.1.2.2] 


E 503.4.2 Equipment not Listed. Equipment not 
listed in the tables referenced in Section E 503.4 and Sec- 
tion E 503.4.1 shall be permitted to be used. [ASHRAE 
90.1:6.4.1.3] 


E 503.4.3 Verification of Equipment Efficiencies. 

Equipment efficiency information supplied by manufac- 

turers shall be verified in accordance with one of the fol- 

lowing: 

(1) Equipment covered under EPACT shall be in accor- 
dance with U.S. Department of Energy certification 
requirements. 


(2) Where a certification program exists for a covered 
product, and it includes provisions for verification and 
challenge of equipment efficiency ratings, then the 
product shall be listed in the certification program. 


(3) Where a certification program exists for a covered 
product, and it includes provisions for verification 
and challenge of equipment efficiency ratings, but 
the product is not listed in the existing certification 
program, the ratings shall be verified by an inde- 
pendent laboratory test report. 

(4) Where no certification program exists for a covered 
product, the equipment efficiency ratings shall be 
supported by data furnished by the manufacturer. 
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(5) Where components such as indoor or outdoor coils 
from different manufacturers are used, the system 
designer shall specify component efficiencies whose 
combined efficiency is in accordance with the min- 
imum equipment efficiency requirements in Section 
E 503.4 through Section E 503.4.4.1. 

(6) Requirements for plate-type liquid-to-liquid heat 
exchangers are listed in Table E 503.7.1(8). 
[ASHRAE 90.1:6.4.1.4] 


E 503.4.4 Labeling. Mechanical equipment that is not 
covered by the U.S. National Appliance Energy Conser- 
vation Act (NAECA) of 1987 shall carry a permanent 
label installed by the manufacturer stating that the equip- 
ment is in accordance with the requirements of ASHRAE 
90.1. [ASHRAE 90.1:6.4.1.5.1] 


E 503.4.4.1 Packaged Terminal Air Condi- 
tioners. Nonstandard-size packaged terminal air 
conditioners and heat pumps with existing sleeves 
having an external wall opening of less than 16 
inches (406 mm) high or less than 42 inches (1067 
mm) wide and having a cross-sectional area less 
than 670 square inches (0.432 m7?) shall be factory 
labeled as follows: i 


Manufactured for nonstandard-size applications 
only: Not to be installed in new construction proj- 
ects. [ASHRAE 90.1:6.4.1.5.2] 


E 503.4.5 Load Calculations. Heating and cooling 
system design loads for the purpose of sizing systems 
and equipment shall be determined in accordance with 
ASHRAE/ACCA 183. [ASHRAE 90.1:6.4.2.1] 


E 503.4.5.1 Pump Head. Pump differential pres- 
sure (head) for the purpose of sizing pumps shall be 
determined in accordance with generally accepted 
engineering standards and handbooks acceptable to 
the Authority Having Jurisdiction. The pressure drop 
through each device and pipe segment in the critical 
circuit at design conditions shall be calculated. 
[ASHRAE 90.1:6.4.2.2] 


E 503.4.6 Zone Thermostatic Controls. The sup- 
ply of heating and cooling energy to each zone shall be 
individually controlled by thermostatic controls respond- 
ing to temperature within the zone. For the purposes of 
Section E 503.4.6, a dwelling unit shall be permitted to 
be considered a single zone. 


Exceptions: Independent perimeter systems that are 
designed to offset only building envelope loads shall be 
permitted to serve one or more zones also served by an 
interior system, provided that: { 


(1) the perimeter system includes not less than one ther- 
mostatic control zone for each building exposure 
having walls facing only one orientation for 50 con- 
tiguous feet (15 240 mm) or more and 


(2) the perimeter system heating and cooling supply is 
controlled by thermostatic controls located within 
the zones served by the system. 

Exterior walls and semiexterior walls are considered 
to have different orientations where the exposures they 
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face differ by more than 45 degrees (0.79 rad). 
[ASHRAE 90.1:6.4.3.1.1] 


(4) An interlock to a security system that shuts 
the system off where the security system is 
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E 503.4.6.1 Dead Band. Where used to control 
both heating and cooling, zone thermostatic controls 
shall be capable of and configured to provide a tem- 
perature range or dead band of not less than 5°F 
(3°C) within which the supply of heating and cool- 
ing energy to the zone is shut off or reduced to a 
minimum. 


Exceptions: 


(1) Thermostats that require manual changeover 
between heating and cooling modes. 


(2) Special occupancy or special applications 
where wide temperature ranges are not accept- 
able (such as retirement homes, process appli- 
cations, museums, some areas of hospitals) and 
are approved by the Authority Having Jurisdic- 
tion. [ASHRAE 90.1:6.4.3.1.2] 


E 503.4.6.2 Setpoint Overlap Restriction. 
Where heating and cooling to a zone are controlled 
by separate zone thermostatic controls located within 
the zone, means (such as limit switches, mechanical 
stops, or, for DDC systems, software programming) 
shall be provided to prevent the heating setpoint from 
exceeding the cooling setpoint minus any applicable 
proportional band. [ASHRAE 90.1:6.4.3.2] 


E 503.4.6.3 Off-Hour Controls. HVAC systems 
shall have the off-hour controls required by Section 
E 503.4.6.3.1 through Section E 503.4.6.3.4. 


Exceptions: 


(1) HVAC systems intended to operate continu- 
ously. 


(2) HVAC systems having a design heating capac- 
ity and cooling capacity less than 15 000 Btu/h 
(4.4 kW) that are equipped with readily acces- 
sible manual ON/OFF controls. [ASHRAE 
90.1:6.4.3.3] 


E 503.4.6.3.1 Automatic Shutdown. 
HVAC systems shall be equipped with not less 
than one of the following: 


(1) Controls that can start and stop the system 
under different time schedules for seven 
different day-types per week, are capable 
of retaining programming and time setting 
during loss of power for a period of not less 
than 10 hours, and include an accessible 
manual override, or equivalent function, 
that allows temporary operation of the sys- 
tem for up to 2 hours. 


(2) An occupant sensor that is capable of shut- 
ting the system off where no occupant is 
sensed for a period of up to 30 minutes. 

(3) A manually operated timer capable of 
being adjusted to operate the system for up 
to 2 hours. 


activated. 


Exception: Residential occupancies shall be 
permitted to use controls that can start and stop 
the system under two different time schedules 
per week. [ASHRAE 90.1:6.4.3.3.1] 


E 503.4.6.3.2 Setback Controls. Heating 
systems shall be equipped with controls capa- 
ble of and configured to automatically restart 
and temporarily operate the system as required 
to maintain zone temperatures above an 
adjustable heating setpoint of not less than 10°F 
(6°C) below the occupied heating setpoint. 
Cooling systems shall be equipped with con- 
trols capable of and configured to automatically 
restart and temporarily operate the mechanical 
cooling system as required to maintain zone 
temperatures below an adjustable cooling set- 
point of not less than 5°F (3°C) above the occu- 
pied cooling setpoint or to prevent high space 
humidity levels. 


Exception: Radiant heating systems capable of 
and configured with a setback heating setpoint 
at not less than 4°F (2°C) below the occupied 
heating setpoint. [ASHRAE 90.1:6.4.3.3.2] 


E 503.4.6.3.3 Optimum Start Controls. 
Individual heating and cooling systems with 
setback controls and DDC shall have optimum 
start controls. The control algorithm shall, as a 
minimum, be a function of the difference 
between space temperature and occupied set- 
point, the outdoor temperature, and the amount 
of time prior to scheduled occupancy. Mass 
radiant floor slab systems shall incorporate 
floor temperature into the optimum start algo- 
rithm. [ASHRAE 90.1:6.4.3.3.3] 


E 503.4.6.3.4 Zone Isolation. HVAC sys- 
tems serving zones that are intended to operate 
or be occupied nonsimultaneously shall be 
divided into isolation areas. Zones shall be per- 
mitted to be grouped into a single isolation area 
provided it does not exceed 25 000 square feet 
(2322.6 m?) of conditioned floor area and does 
not include more than one floor. Each isolation 
area shall be equipped with isolation devices 
capable of and configured to automatically shut 
off the supply of conditioned air and outdoor air 
to and exhaust air from the area. Each isolation 
area shall be controlled independently by a 
device meeting the requirements of Section E 
503.4.6.3.1. For central systems and plants, 
controls and devices shall be provided to allow 
stable system and equipment operation for any 
length of time while serving only the smallest 
isolation area served by the system or plant. 


Exceptions: Isolation devices and controls are 
not required for the following: 
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>) (1) Exhaust air and outdoor air connections to Exceptions: 
isolation zones where the fan system to (1) A networked guest room control system 
which they connect is not more than 5000 shall be permitted to return the thermo- 
ft*/min (2.3597 m//s). stat set points to their default occupied 
(2) Exhaust airflow from a single isolation zone set points 60 minutes prior to the time 
of less than 10 percent of the design airflow the room is scheduled to be occupied. 
of the exhaust system to which it connects. (2) Cooling for humidity control shall be 
(3) Zones intended to operate continuously or permitted during unoccupied periods. 
intended to be inoperative only when all E 503.4.6.4 Ventilation System Controls. Stair 
other zones are inoperative. [ASHRAE and elevator shaft vents shall be equipped with motor- 
90.1:6.4.3.3.4] ized dampers that are capable of and configured to 
E 503.4.6.3.5 Automatic Control of HVAC automatically close during normal building operation 
in Hotel/Motel Guest Rooms. Hotels and and are interlocked to open as required by fire and 
motels with more than 50 guest rooms shall be smoke detection systems. [ASHRAE 90.1:6.4.3.4.1] 
provided with automatic controls for the HVAC E 503.4.6.4.1 Shutoff Damper Controls. 


equipment serving each guest room capable of 
and configured according to the requirements in 
Section E 503.4.6.3.1. [ASHRAE 90.1:6.4.3.3.5] 


E 503.4.6.3.5.1 Guest Room HVAC 
Set-Point Control. Within 30 minutes of 
all occupants leaving the guest room, HVAC 
set points shall be automatically raised by not 
less than 4°F (2°C) from the occupant set 
point in the cooling mode and automatically 
lowered by at least 4°F (2°C) from the occu- 


Outdoor air intake and exhaust systems shall be 
equipped with motorized dampers that will 
automatically shut when the systems or spaces 
served are not in use. Ventilation outdoor air 
and exhaust or relief dampers shall be capable 
of and configured to automatically shut off dur- 
ing preoccupancy building warm-up, cooldown, 
and setback, except when ventilation reduces 
energy costs or when ventilation shall be sup- 
plied to comply with the code requirements. 


pant set point in the heating mode. When the 
guest room is unrented and unoccupied, 
HVAC set points shall be automatically reset 


Exceptions: 
(1) Back-draft gravity (nonmotorized) dampers 


to 80°F (27°C) or higher in the cooling mode shall be permitted for exhaust and relief in 
and to 60°F (16°C) or lower in the heating buildings less than three stories in height and 
mode. Unrented and unoccupied guest for ventilation air intakes and exhaust and 
rooms shall be determined by either of the relief dampers in buildings of any height 
following: located in Climate Zones 0, 1, 2 and 3. Back- 


draft dampers for ventilation air intakes shall 


cinlaevesinorm:hasoom continously be protected from direct exposure to wind. 


unoccupied for up to 16 hours. 
(2) Back-draft gravity (nonmotorized) dampers 


shall be permitted in systems with a design 
outdoor air intake or exhaust capacity of 
300 ft?/min (0.142 m?/s) or less. 


(2) A networked guest room control sys- 
tem indicates the guest room is 
unrented and the guest room is unoccu- 
pied for no more than 30 minutes. 


TABLE E 503.4.6.4.2 
MAXIMUM DAMPER LEAKAGE 
(cubic foot per minute per square foot) at 1.0 in. w.g 
[ASHRAE 90.1: TABLE 6.4.3.4.3] 


VENTILATION AIR INTAKE EXHAUST/RELIEF 

CLIMATE ZONE NONMOTORIZED* MOTORIZED NONMOTORIZED* MOTORIZED 
O12 - — - — | 
any height 20 4 20 4 | 
3 : z = z | 
any height 20 10 20 10 | 
4, 5b, 5c = 3 a ¥ | 
less than 3 stories not allowed 10 20 10 | 
3 or more stories not allowed 10 [ not allowed 10 / 
® 5a, 6, 7, 8 = a ms i | 
less than 3 stories not allowed 4 20 4 / 
3 or more stories not allowed 4 not allowed 4 / 


For SI units: 1 cubic foot per minute = 0.00047 m?/s, 1 square foot = 0.0929 m’, 1 inch water gauge = 0.249 kPa 
* Dampers smaller than 24 inches (610 mm) in either dimension shall be permitted to have leakage of 40 ft?/min per square foot [0.203 (m?/s)/m7]. 
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(3) Dampers shall not be required in ventila- 
tion or exhaust systems serving uncondi- 
tioned spaces. 


(4) Dampers shall not be required in exhaust 
systems serving Type | kitchen exhaust 
hoods. [ASHRAE 90.1:6.4.3.4.2] 


E 503.4.6.4.2 Dampers Leakage. Where 
outdoor air supply, and exhaust or relief dampers 
are required in Section E 503.4.6.4, they shall 
have a maximum leakage rate in accordance with 
Table E 503.4.6.4.2 where tested in accordance 
with AMCA 500D. [ASHRAE 90.1:6.4.3.4.3] 


E 503.4.6.4.3 Ventilation Fan Controls. 
Fans with motors more than 0.75 hp (0.56 kW) 
shall have automatic controls in accordance with 
Section E 503.4.6.3.1 that are capable of and 
configured to shut off fans when not required. 


Exception: HVAC systems intended to operate 
continuously. [ASHRAE 90.1:6.4.3.4.4] 


E 503.4.6.5 Enclosed Parking Garage Venti- 
lation. Enclosed parking garage ventilation systems 
shall automatically detect contaminant levels and 
stage fans or modulate fan airflow rates to 50 percent 
or less of design capacity, provided acceptable con- 
taminant levels are maintained. 


Exceptions: 


(1) Garages less than 30 000 square feet (2787.09 m7) 
with ventilation systems that do not utilize 
mechanical cooling or mechanical heating. 


(2) Garages that have a garage area to ventilation 
system motor nameplate horsepower ratio that 
exceeds 1500 square feet per horsepower 
(ft?/hp) (186.8 m’/kW) and do not utilize 
mechanical cooling or mechanical heating. 


(3) Where not permitted by the Authority Having 
Jurisdiction. [ASHRAE 90.1:6.4.3.4.5] 


E 503.4.6.6 Heat Pump Auxiliary Heat Con- 
trol. Heat pumps equipped with internal electric 
resistance heaters shall have controls that prevent 
supplemental heater operation where the heating 
load is capable of being met by the heat pump alone 
during both steady-state operation and setback 
recovery. Supplemental heater operation shall be 
permitted during outdoor coil defrost cycles. 


Exception: Heat pumps whose minimum efficiency 
is regulated by U.S. National Appliance Energy 
Conservation Act (NAECA) and whose ratings are 
in accordance with the requirements shown in Table 
E 503.7.1(2) and includes the use of an internal elec- 
tric resistance heating. [ASHRAE 90.1:6.4.3.5] 


E 503.4.6.7 Humidification and Dehumidifica- 
tion. Humidity control shall prevent the use of fossil 
fuel or electricity to produce relative humidity above 
30 percent in the warmest zone served by the humid- 
ification system and to reduce relative humidity 
below 60 percent in the coldest zone served by the 
dehumidification system. Where a zone is served by 


a system or systems with both humidification and 
dehumidification capability, means (such as limit 
switches, mechanical stops, or, for DDC systems, 
software programming) shall be provided capable of 
and configured to prevent simultaneous operation of | 
humidification and dehumidification equipment. 


Exceptions: 


(1) Zones served by desiccant systems, used with 
direct evaporative cooling in series. 


(2) Systems serving zones where specific humidity 
levels are required, such as museums and hos- 
pitals, and approved by the Authority Having 
Jurisdiction or required by accreditation stan- 
dards and humidity controls are capable of and 
configured to maintain a dead band of at least 
10 percent relative humidity where no active 
humidification or dehumidification takes place. 


(3) Systems serving zones where humidity levels 
are required to be maintained with precision of 
not more than + 5 percent relative humidity to | 
comply with applicable codes or accreditation 
standards or as approved by the Authority Hav- 
ing Jurisdiction. [ASHRAE 90.1:6.4.3.6] 


E 503.4.6.8 Freeze Protection and Snow or 
Ice Melting Systems. Freeze protection systems, 
such as heat tracing of outdoor piping and heat 
exchangers, including self-regulating heat tracing, 
shall include automatic controls capable of and con- 
figured to shut off the systems when outdoor air 
temperatures are more than 40°F (4°C) or when the 
conditions of the protected fluid will prevent freez- 
ing. Snow and ice melting systems shall include 
automatic controls capable of and configured to shut 
off the systems when the pavement temperature 1s 
more than 50°F (10°C) and no precipitation is 
falling, and an automatic or manual control that will 
allow shutoff when the outdoor temperature is more 
than 40°F (4°C) so that the potential for snow or ice 
accumulation is negligible. [ASHRAE 90.1:6.4.3.7] 
E 503.4.6.9 Ventilation Controls for High- 
Occupancy Areas. Demand control ventilation 
(DCV) shall be required for spaces that are more than 
500 square feet (46.45 m7) and with a design occu- 
pancy for ventilation of not less than 25 people per 
1000 square feet (92.9 m7) of floor area and served 
by systems with one or more of the following: 

(1) Air-economizer. 


(2) Automatic modulating control of outdoor air 
damper. 


(3) Design outdoor airflow more than 3000 ft?/min 
(1.4158 m?/s). 


Exceptions: 


(1) Systems with exhaust air energy recovery in 
accordance with Section E 503.5.10. 


(2) Multiple-zone systems without DDC of indi- 
vidual zones communicating with a central con- 
trol panel. 
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(3) Systems with a design outdoor airflow less than 
750 ft?/min (0.3540 m?/s). 


(4) Spaces where more than 75 percent of the space 
design outdoor airflow is required for makeup air 
that is exhausted from the space or transfer air 
that is required for makeup air that is exhausted 
from other spaces. 


(5) Spaces with one of the following occupancy 
categories in accordance with Chapter 4 or 
ASHRAE 62.1: correctional cells, daycare sick- 
rooms, science labs, barbers, beauty and nail 
salons, and bowling alley seating. [ASHRAE 
90.1:6.4.3.8] 


E 503.4.6.10 Outdoor Heating. Radiant heat 
systems shall be used to provide heat outdoors. Out- 
door radiant heating systems shall be provided with 
controls that sense the presence of occupants or 
other device that automatically shuts down the sys- 
tem where no occupants are in the heating area. 


E 503.4.6.11 Heated or Cooled Vestibules. 
Heating for vestibules and for air curtains with inte- 
gral heating shall include automatic controls capable 
of and configured to shut off the heating system 
when outdoor air temperatures are more than 45°F 
(7.2°C) Vestibule heating and cooling systems shall 
be controlled by a thermostat in the vestibule capa- 
ble of and configured to limit heating to a maximum 
of 60°F (15.5°C) and cooling to a minimum of 85°F 
(29.4°C). 

Exception: Heating or cooling provided by site- 
recovered energy or by transfer air that would oth- 
erwise be exhausted. [ASHRAE 90.1:6.4.3.9] 
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E 503.4.6.12 Direct Digital Control (DDC) 
Requirements. Direct digital control shall be 
required in accordance with Section E 503.4.6.12.1 
through Section E 503.4.6.12.3. [ASHRAE 
90.1:6.4.3.10] 


E 503.4.6.12.1 DDC Applications. DDC 
shall be provided in the applications and quali- 
fications in accordance with Table E 
503.4.6.12.1. 


Exception: DDC is not required for systems 
using the simplified approach to compliance in 
accordance with Section E 503.3. [ASHRAE 
90.1:6.4.3.10.1] 


E 503.4.6.12.2 DDC Controls. Where DDC 
is required by Section E 503.4.6.12.1, the DDC 
system shall be capable of and configured with 
all of the following, as required, to provide the 
control logic required in Section E 503.5: 


(1) Monitoring zone and system demand for 
fan pressure, pump pressure, heating, and 
cooling. 

(2) Transferring zone and system demand 
information from zones to air distribution 
system controllers and from air distribution 
systems to heating and cooling plant con- 
trollers. 


(3) Automatically detecting those zones and sys- 
tems that are capable of excessively driving 
the reset logic and generate an alarm or other 
indication to the system operator. 

(4) Readily allowing operator removal of 
zone(s) from the reset algorithm. [ASHRAE 
90.1:6.4.3.10.2] 


TABLE E 503.4.6.12.1 
DDC APPLICATIONS AND QUALIFICATIONS 
[ASHRAE 90.1:6.4.3.10.1] 


BUILDING STATUS APPLICATION 


QUALIFICATIONS 


Air-handling system and all zones served by 


New building the system 


Individual systems supplying more than three zones and _ 
with fan system bhp of 10 hp or more 


Chilled-water plant and all coils and terminal 


Individual plants supplying more than three zones and with. 


Se units served by the system design cooling capacity of 300 000 Btu/h or more 
Newhislant Hot-water plant and all coils and terminal Individual plants supplying more than three zones and with 
8 units served by the system design heating capacity of 300 000 Btu/h or more 
: oe ‘ ; Where existing zones served by the same air-handling, 
Alteration or addition Zone terminal unit such as VAV box chilled water echobwier system have DDC 
f ts ; , isting air- i -coil | 
Alteration or addition Air-handling system or fan coil ra Pee regiare tie epacnm of aud fanspu(s) | 


served by the same chilled- or hot-water plant have DDC | 


=} 


New air-handling system and all new zones 


Alteration or addition 
served by the system 


Individual systems with fan system bhp of 10 hp or more | 
and supplying more than three zones and more than 75 per- | 
cent of zones are new 


Alteration or addition New or upgraded chilled-water plant 


Where all chillers are new and plant design cooling capac- 
ity is 300 000 Btu/h or more | 


Alteration or addition New or upgraded hot-water plant 


Where all boilers are new and plant design heating capacity 
is 300 000 Btu/h or more | 


For SI units: 1000 British thermal units = 0.293 kW, | horsepower = 0.746 kW 
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E 503.4.6.12.3 DDC Display. Where DDC is 
required in accordance with Section E 
503.4.6.12.1 for new buildings, the DDC sys- 
tem shall be capable of trending and graphically 
displaying input and output points. [ASHRAE 
90.1:6.4.3.10.3] 
E 503.4.6.13 Economizer Fault Detection 
Diagnostics (FDD). Air-cooled direct-expansion 
cooling units listed in Tables E 503.7.1(1) and E 
503.7.1(2), where an air economizer is installed in 
accordance with Section E 503.5, shall include a 
fault detection and diagnostics (FDD) system com- 
plying with the following: 
(1) The following temperature sensors shall be per- 
manently installed to monitor system operation: 


(a) Outdoor air 

(b) Supply air 

(c) Return air, where required for economizer 
control 

(2) The system shall have the capability of dis- 
playing the value of each sensor. 

(3) The FDD system or unit controls shall be capa- 
ble of and configured to provide system status 
by indicating the following: 

(a) Free cooling available 

(b) Economizer enabled 

(c) Compressor enabled 

(d) Heating enabled 

(e) Mixed-air low-limit cycle active 

(4) The FDD system or unit controls shall have pro- 
visions to manually initiate each operating 
mode so that the operation of compressors, 
economizers, fans, and the heating system can 
be independently tested and verified. 


(5) The FDD system shall be capable of and con- 
figured to detect the following faults: 


(a) Air temperature sensor failure/fault 


(b) Not economizing when the unit should be 
economizing 


(c) Economizing when the unit should not be 
economizing 


(d) Damper not modulating 
(e) Excess outdoor air 


(6) The FDD system shall be capable of and config- 
ured to report faults to a fault management appli- 
cation or DDC system accessible by operating or 
service personnel, or annunciated locally on zone 
thermostats. [ASHRAE 90.1:6.4.3.12] 


E 503.4.7 HVAC System Construction and Insu- 
lation. HVAC Ducts shall be constructed in accordance 
with provisions contained in the SMACNA HVAC Duct 
Construction Standard. HVAC system construction and 
insulation shall comply with Section E 503.4.7.1 and 
Section E 503.4.7.2. 


E 503.4.7.1 Insulation. Insulation required by this 
section shall be installed in accordance with indus- 
try-accepted standards. These requirements shall not 
apply to HVAC equipment. Insulation shall be pro- 
tected from damage, including that due to sunlight, 
moisture, equipment maintenance, and wind, but not 
limited to the following: 


(1) Insulation exposed to weather shall be suitable 
for outdoor service (e.g., protected by alu- 
minum, sheet metal, painted canvas, or plastic 
cover). Cellular foam insulation shall be pro- 
tected as above or painted with a coating that is 
water retardant and provides shielding from 
solar radiation that is capable of causing degra- 
dation of the material. 


(2) Insulation covering chilled-water piping, refrig- 
erant suction piping, or cooling ducts located 
outside the conditioned space shall include a 
vapor retardant located outside the insulation 
(unless the insulation is inherently vapor retar- 
dant), penetrations and joints of which shall be 
sealed. [ASHRAE 90.1:6.4.4.1.1] 


E 503.4.7.1.1 Duct and Plenum Insula- 
tion. Supply and return ducts and plenums 
installed as part of an HVAC air distribution 
system shall be thermally insulated in accor- 
dance with Table E 503.7.2. 


Exceptions: 


(1) Factory-installed plenums, casings, or 
ductwork furnished as a part of HVAC 
equipment tested and rated in accordance 
with Section E 503.4 through Section E 
503.4.4.1. 


(2) Ducts or plenums located in heated spaces, 
semi-heated spaces, or cooled spaces. 


(3) For runouts less than 10 feet (3048 mm) in 
length to air terminals or air outlets, the 
rated R-value of insulation shall not be 
required to exceed R-3.5. 


(4) Backs of air outlets and outlet plenums 
exposed to unconditioned or indirectly con- 
ditioned spaces with face areas exceeding 5 
square feet (0.5 m7’) shall not be required to 
exceed R-2; those not exceeding 5 square 
feet (0.5 m?’) shall not be required to be 
insulated. [ASHRAE 90.1:6.4.4.1.2] 

E 503.4.7.1.2 Piping Insulation. Piping shall 

be thermally insulated in accordance with Table 

E 503.7.3(1) and Table E 503.7.3(2). 

Exceptions: 

(1) Factory-installed piping within HVAC 
equipment tested and rated in accordance 
with Section E 503.4 through Section E 
503.4.4.1. 

(2) Piping that conveys fluids having a design 
operating temperature range between 60°F 
(16°C) and 105°F (41°C), inclusive. 
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(3) Piping that conveys fluids that have not 
been heated or cooled through the use of 
fossil fuels or electricity (such as roof and 
condensate drains, domestic cold water 
supply, and natural gas piping). 

(4) Where heat gain or heat loss will not 
increase energy use (such as liquid refrig- 
erant piping). 

(5) In piping | inch (25.4 mm) or less, insula- 
tion is not required for strainers, control 
valves, and balancing valves. [ASHRAE 
90.1:6.4.4.1.3] 


E 503.4.7.1.3 Sensible Heating Panel. 
Thermally ineffective panel surfaces of sensible 
heating panels, including U-bends and headers, 
shall be insulated a minimum of R-3.5. Adjacent 
building envelope insulation counts toward this 
requirement. [ASHRAE 90.1:6.4.4.1.4] 


E 503.4.7.1.4 Radiant Floor Heating. The 
bottom surfaces of floor structures incorporat- 
ing radiant heating shall be insulated with a 
minimum of R-3.5. Adjacent building envelope 
insulation counts toward this requirement. 


Exception: Heated slab-on-grade floors incor- 
porating radiant heating shall be in accordance 
with ASHRAE 90.1. [ASHRAE 90.1:6.4.4.1.5] 


E 503.4.7.2 Ductwork and Plenum Leakage. 
Transverse joints, longitudinal seams, and duct wall 
penetrations shall be sealed. Pressure-sensitive tape 
shall not be used as the primary sealant, unless it has 
been certified to comply with UL 181A or UL 181B 
by an independent testing laboratory and the tape is 
used in accordance with that certification. All other 
connections shall be considered transverse joints, 
including but not limited to spin-ins, taps, other 
branch connections, access door frames and jambs, 
and duct connections to equipment. 


Exceptions: 


(1) Rods that penetrate the duct wall that shall be 
permitted to move in order to function properly 
(control rod for volume damper) shall not be 
sealed in a fashion that prevents them from 
working properly. 


(2) Spiral lock seams in a round or flat oval duct. 


E 503.4.7.2.1 Duct Leakage Tests. Duct- 
work shall be leak-tested in accordance with the 
SMACNA HVAC Air Duct Leakage Test Man- 
ual. Representative sections totaling not less 
than 20 percent of the total installed duct area 
shall be tested. Where the tested 20 percent fail 
to comply with the requirements of this section, 
then 40 percent of the total installed duct area 
shall be tested. Where the tested 40 percent fail 
to comply with the requirements of this section, 
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then 100 percent of the total installed duct area 
shall be tested. Sections shall be selected by the 
building owner or designated representative of 
the building owner. Positive pressure leakage 
testing shall be permitted for negative pressure 
ductwork. The permitted duct leakage shall be 
not more than the following: 


Dove CLE aa ecuation 503.4, i2ah) 
Where: 
Lp Nes maximum permitted leakage, 


(ft?/min)/100 square feet [0.0001 
(m?/s)/m?] duct surface area. 


Gan GA (Sin duct leakage class, 
(ft?/min)/100 square feet [0.0001 
(m?/s)/m*] duct surface area at 1 
inch water column (0.2 kPa). 


PR = test pressure, which shall be equal 
to the design duct pressure class rat- 
ing, inch water column (kPa). 


E 503.5 Prescriptive Path, Economizers. Cooling sys- 
tems shall include either an air economizer or fluid econo- 
mizer in accordance with Section E 503.5.1 through Section 
E 503.5.4.1. 


Exceptions: Economizers shall not be required for the fol- 
lowing systems: 


(1) Individual fan-cooling units with a supply capacity less 
than the minimum listed in Table E 503.5(1). 


(2) Chilled-water cooling systems without a fan or that use 
induced airflow, where the total capacity of these sys- 
tems is less than | 000 000 Btu/h (293 kW) in Climate 
Zones 0, 1B, and 2 through 4; less than 1 400 000 Btu/h 
(410 kW) in Climate Zones 5 through 8; or any size in 
Climate Zone 1A. 


(3) Systems that include nonparticulate air treatment in 
accordance with ASHRAE 62.1. 


(4) In hospitals and ambulatory surgery centers, where more 
than 75 percent of the air designed to be supplied by the 
system is to spaces that are required to be humidified 
more than 35°F (2°C) dew-point temperature to comply 
with applicable codes or accreditation standards; in all 
other buildings, where more than 25 percent of the air 
designed to be supplied by the system is to spaces that are 
designed to be humidified more than 35°F (2°C) dew- 
point temperature to satisfy process needs. This excep- 
tion shall not apply to computer rooms. 

(5) Systems that include a condenser heat recovery system 
with a minimum capacity in accordance with Section E 
503.5.10.1.2. 


(6) Systems that serve residential spaces where the system 
capacity is less than five times the requirement listed in 
Table E 503.5(1). 
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(7) 


(8) 
(9) 


Systems that serve spaces whose sensible cooling load 
at design conditions, excluding transmission and infil- 
tration loads, is less than or equal to transmission and 
infiltration losses at an outdoor temperature of 60°F 
(16°C). 

Systems expected to operate less than 20 hours per week. 


Where the use of outdoor air for cooling will affect 
supermarket open refrigerated casework systems. 


(10) For comfort cooling where the cooling efficiency is not 


less than the efficiency improvement requirements in 
accordance with Table E 503.5(2). 


(11)Systems primarily serving computer rooms where in 


accordance with one of the following: 


(a) The total design cooling load of all computer rooms 
in the building is less than 3 000 000 Btu/h (879 kW) 
and the building in which they are located is not 
served by a centralized chilled water plant. 


(b) The room total design cooling load is less than 600 
000 Btu/h (176 kW) and the building in which they 
are located is served by a centralized chilled water 
plant. 


(c) The local water authority does not permit cooling 
towers. 


(d) Less than 600 000 Btu/h (176 kW) of computer 
room cooling equipment capacity is being added to 
an existing building. 


(12) Dedicated systems for computer rooms where a mini- 


mum of 75 percent of the design load serves one of the 
following: 


(a) Spaces classified as an essential facility. 


(b) Spaces having a design of Tier IV in accordance 
with TIA 942. 


(c) Spaces classified as Critical Operations Power Sys- 
tems (COPS) in accordance with NFPA 70. 


(d) Spaces where core clearing and settlement services 
are performed such that their failure to settle pend- 
ing financial transactions is capable of systemic risk 
in accordance with “The Interagency Paper on 
Sound Practices to Strengthen the Resilience of the 
US Financial System” (April 7, 2003). [ASHRAE 
90.1:6.5.1] 


TABLE E 503.5(1) 
MINIMUM FAN-COOLING UNIT SIZE 
WHERE AN ECONOMIZER IS REQUIRED 
[ASHRAE 90.1: TABLE 6.5.1-1] 


COOLING CAPACITY WHERE AN 
ECONOMIZER IS REQUIRED 


CLIMATE ZONES 


OA, OB, 1A, 1B No economizer requirement 


2A, 2B, 3A, 4A, 5A, 6A, 3B, 
3C, 4B, 4C, 5B, 5C, 6B, 7, 8 


=54 000 Btu/h 


For SI units: 1000 British thermal units per hour = 0.293 kW 
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ELIMINATE REQUIRED ECONOMIZER FOR COMFORT 
COOLING BY INCREASING COOLING EFFICIENCY 
[ASHRAE 90.1: TABLE 6.5.1-2] 


CLIMATE ZONES EFFICIENCY IMPROVEMENT* _ 
eA e, Teele, Pew oe | 
2B : sae 2170. 2 
3A a 27% 
3B : Be 2% 
3C 65% 
4A 42% 
4B 49% 
4C si 64% 
5A 49% j 
5B 59% ‘ 
5C Di 74% | 
6A 56% 
6B 65% 
: 72% “i 
8 1% 


* Where a unit is rated with an IPLV, IEER or SEER, to eliminate the 
required economizer, the minimum cooling efficiency of the HVAC unit 
shall be increased by the percentage shown. Where the HVAC unit is 
rated with a full load metric like EER cooling, these shall be increased by 
the percentage shown. 


E 503.5.1 Air Economizers, Design Capacity. Air e 
economizer systems shall be capable of and configured 

to modulate outdoor air and return air dampers to pro- 

vide up to 100 percent of the design supply air quantity 

as outdoor air for cooling. [ASHRAE 90.1:6.5.1.1.1] 


E 503.5.1.1 Control Signal. Economizer controls 
shall be capable of and configured to sequence the 
dampers with the mechanical cooling equipment and 
shall not be controlled by only mixed air tempera- 
ture. 


Exception: The use of mixed air temperature limit 
control shall be permitted for systems controlled 
from space temperature (such as single-zone sys- 
tems). [ASHRAE 90.1:6.5.1.1.2] 


E 503.5.1.2 High-Limit Shutoff. Air economizers 
shall be capable of and configured to automatically 
reduce outdoor air intake to the design minimum 
outdoor air quantity where outdoor air intake will no 
longer reduce cooling energy use. High-limit shutoff 
control types and associated setpoints for specific 
climate zones shall be chosen from Table E 
503.5.1.2. [ASHRAE 90.1:6.5.1.1.3] 


E 503.5.1.3 Dampers. Return, exhaust or relief, 
and outdoor air dampers shall comply with Section 
E 503.4.6.4.2. [ASHRAE 90.1:6.5.1.1.4] 


E 503.5.1.4 Relief of Excess Outdoor Air. Sys- 
tems shall provide a means to relieve excess outdoor a 
air during air economizer operation to prevent over- 
pressurizing the building. The relief air outlet shall 

be located so as to avoid recirculation into the build- | 

ing. [ASHRAE 90.1:6.5.1.1.5] 
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9 :) TABLE E 503.5.1.2 


— HIGH-LIMIT SHUTOFF CONTROL SETTINGS FOR AIR ECONOMIZERS? 
[ASHRAE 90.1: TABLE 6.5.1.1.3] 
ALLOWED ONLY IN CLIMATE ZONE AT REQUIRED HIGH LIMIT (ECONOMIZER OFF WHERE): 
CONTROL TYPE LISTED SETPOINT EQUATION DESCRIPTION 
Fixed dry bulb temperature B, 1B, 2B | X 
2 P nh ie 5B oy yal i g [ga tock Outdoor air temperature exceeds 75°F 
5A, 6A I a [Ne Outdoor air temperature exceeds 70°F 
OA, 1A, 2A, 3A, 4A Dace oe, Outdoor air temperature exceeds 65°F 
Differential dry bulb tem- | OB, 1B, 2B, 3B, 3C, 4B, 4C, ToT Outdoor air temperature exceeds return air 
perature 5A, 5B, 5C, 6A, 6B, 7, 8 08, aa temperature | 
. . ii 
Fixed enthalpy with fixed All hog > 28 Btu/Ib! | Outdoor air enthalpy exceeds 28 Btu/Ib! of dry | 
dry-bulb temperature 1) a PR HE bee air’ or outdoor air temperature exceeds 75°F 
i : : ig 
Differential enthalpy with hog> hy, or | Outdoor air enthalpy exceeds return air enthalpy 
f ; All oa~ "ra 
ixed dry-bulb temperature Tyo tok or outdoor air temperature exceeds 75°F 
For SI units: °C = (CF-32)/1.8, 1 British thermal unit per pound = 2326 J/kg f 
Notes: 


' At altitudes substantially different than sea level, the fixed enthalpy limit shall be set to the enthalpy value at 75°F (24°C) and 50 percent relative humidity. 
As an example, at approximately 6000 feet (1829 m) elevation, the fixed enthalpy limit shall be approximately 30.7 Btu/Ib (71 408 J/kg). 
2 Devices with selectable rather than adjustable setpoints shall be capable of being set to within 2°F (1°C) and 2 Btu/Ib (4649 J/kg) of the setpoint listed. 


TABLE E 503.5.2 
WATER ECONOMIZER SIZING DRY-BULB AND WET-BULB REQUIREMENTS FOR COMPUTER ROOMS* 
[ASHRAE 90.1: TABLE 6.5.1.2.1] 


WATER COOLED AIR COOLED 
CLIMATE ZONE - 
DRY BULB, °F WET BULB, °F DRY BULB, °F 
@) 0 A NR NR NR 
D 0 B NR NR NR 
1 A NR NR NR 
1 B NR NR NR 
2 A 40.0 35.0 sw Omsint 
| 2 B 35.0 30.0 idy BSIRIT.O 
3 A 40.0 35.0 25.0 
3 B 30.0 | 25.0 25.0 
3 & 30.0 25.0 30.0 
“ A 40.0 35.0 25.0 
4 B 30.0 25.0 | 25.0 
4 [ C 30.0 25.0 25.0 
| 5 A 40.0 35.0 | 20.0 
5 B 30.0 25.0 20.0 
5 C 30.0 25.0 25.0 
6 A 35.0 30.0 20.0 
6 [ B 30.0 25.0 2: Osarhi 
] — 30.0 25.0 20.0 
8 — 30.0 250 20.0 
For SI units: °C = (°F-32)/1.8 i 
* NR = Not Required 
E 503.5.1.5 Sensor Accuracy. Outdoor air, J/kg) over the range of 20 Btu/Ib (4.6 E+04 
return air, mixed air, and supply air sensors shall be J/kg) to 36 Btu/Ib (8.4 E+04 J/kg). 
calibrated within the following accuracies: (3) Relative humidity shall be accurate to +5 per- 
(1) Dry-bulb and wet-bulb temperatures shall be cent over the range of 20 percent to 80 percent 
accurate to +2°F (1.1°C) over the range of 40°F relative humidity. [ASHRAE 90.1:6.5.1.1.6] 
(4.4°C) to 80°F (27°C). E 503.5.2 Fluid Economizers, Design Capacity. 
(2) Enthalpy and the value of a differential enthalpy Fluid economizer systems shall be capable of providing 
sensor shall be accurate to +3 Btu/Ib (7 E+03 up to 100 percent of the expected system cooling load at 
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outdoor air temperatures of not more than 50°F (10°C) 
dry bulb or 45°F (7°C) wet bulb. 


Exceptions: 


(1) Systems primarily serving computer rooms in which 
100 percent of the expected system cooling load at 
the dry bulb and wet bulb temperatures in accor- 
dance with Table E 503.5.2 is met with water-cooled 
fluid economizers. 


(2) Systems primarily serving computer rooms in which 
100 percent of the expected system cooling load at 
the dry bulb temperatures listed in Table E 503.5.2 
is met with air-cooled fluid economizers. 


(3) Systems where dehumidification requirements are 
not capable of being met using outdoor air temper- 
atures of 50°F (10°C) dry bulb or 45°F (7°C) wet 
bulb and where 100 percent of the expected system 
cooling load at 45°F (7°C) dry bulb or 40°F (4°C) 
wet bulb is met with water-cooled fluid economiz- 
ers. [ASHRAE 90.1:6.5.1.2.1] 


E 503.5.2.1 Maximum Hydronic Pressure 
Drop. Precooling coils and fluid-to-water heat 
exchangers used as part of a fluid economizer system 
shall either have a water-side pressure drop of less 
than 15 feet of water (45 kPa), or a secondary loop 
shall be created so that the coil or heat exchanger 
pressure drop is not seen by the circulating pumps 
where the system is in the normal cooling (non-econ- 
omizer) mode. [ASHRAE 90.1:6.5.1.2.2] 


E 503.5.3 Integrated Economizer Control. Econo- 
mizer systems shall be integrated with the mechanical 
cooling system and be capable of and configured to pro- 
vide partial cooling even where additional mechanical 
cooling is required to be in accordance with the remainder 
of the cooling load. Controls shall not false load the 
mechanical cooling systems by limiting or disabling the 
economizer or by other means, such as hot gas bypass, 
except at the lowest stage of mechanical cooling. 


Units that include an air economizer shall comply 
with the following: 


(1) Unit controls shall have the mechanical cooling 
capacity control interlocked with the air economizer 
controls such that the outdoor air damper is at the 100 
percent open position when mechanical cooling is 
on, and the outdoor air damper does not begin to 
close to prevent coil freezing due to minimum com- 
pressor run time until the leaving air temperature is 
less than 45°F (7°C). 


(2) DX units with a rated capacity no less than 65 000 
Btu/h (19 kW) that control the capacity of the 
mechanical cooling directly based on occupied space 
temperature shall have not less than two stages of 
mechanical cooling capacity. 


(3) Other DX units, including those that control space 
temperature by modulating the airflow to the space, 
shall comply with the requirements of Table E 
503.5.3. [ASHRAE 90.1:6.5.1.3] 


TABLE E 503.5.3 
DX COOLING STAGE REQUIREMENTS FOR 
MODULATING AIRFLOW UNITS 


| MINIMUM NUMBER MINIMUM 


mat hie ite” ACITY, OF MECHANICAL | COMPRESSOR 

u COOLING STAGES | DISPLACEMENT* 

>65 000 and <240 000 3 <35% of full load 
>240 000 4 <25% full load 


For SI units: 1000 British thermal units = 0.293 kW 

* For mechanical cooling stage control that does not use variable compres- 
sor displacement the percent displacement shall be equivalent to the 
mechanical cooling capacity reduction evaluated at the full load rating 
conditions for the compressor. 


E 503.5.4 Economizer Heating System Impact. 
HVAC system design and economizer controls shall be 
such that economizer operation does not increase the 
building heating energy use during normal operation. 


Exception: Economizers on variable air valve (VAV) 
systems that cause zone level heating to increase due to 
a reduction in supply air temperature. [ASHRAE 
90.1:6.5.1.4] 


E 503.5.4.1 Economizer Humidification Sys- 
tem Impact. Systems with hydronic cooling and 
humidification systems designed to maintain inside 
humidity at a dew-point temperature more than 35°F 
(2°C) shall use a fluid economizer where an econo- 
mizer is required in accordance with Section E 503.5 
through Section E 503.5.4.1. [ASHRAE 90.1:6.5.1.5] 


E 503.5.5 Simultaneous Heating and Cooling 
Limitation, Zone Controls. Zone thermostatic con- 
trols shall prevent the following: 


(1) Reheating. 

(2) Recooling. 

(3) Mixing or simultaneously supplying air that has 
been previously mechanically heated and air that has 


been previously cooled, either by mechanical cool- 
ing or by economizer systems. 


(4) Other simultaneous operation of heating and cool- 
ing systems to the same zone. 


Exceptions: 


(1) Zones for which the volume of air that is reheated, 
recooled, or mixed is less than the larger of the 
following: 


(a) Twenty percent of the zone design peak 
supply for systems with DDC and 30 per- 
cent for other systems. 


(b) The outdoor airflow rate required to be in 
accordance with the ventilation require- 
ments of Chapter 4 or ASHRAE 62.1 for 
the zone. 


(c) Any higher rate that can be demonstrated, to | 
the satisfaction of the Authority Having 
Jurisdiction, to reduce overall system annual 
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energy use by offsetting reheat/recool 
energy losses through a reduction in outdoor 
air intake for the system. 


(d) The airflow rate required to be in accor- 
dance with applicable codes or accreditation 
standards, such as pressure relationships or 
minimum air change rates. 


(2) Zones with DDC that comply with the following: 


(a) The airflow rate in dead band between 
heating and cooling does not exceed the 
larger of the following: 


(1) Twenty percent of the zone design 
peak supply rate. 


(2) The outdoor airflow rate required to be 
in accordance with the ventilation 
requirements of Chapter 4 or 
ASHRAE 62.1 for the zone. 


(3) A higher rate that can be demonstrated, 
to the satisfaction of the Authority 
Having Jurisdiction, to reduce overall 
system annual energy use by offsetting 
reheat/recool energy losses through a 
reduction in outdoor air intake. 


(4) The airflow rate required with applica- 
ble codes or accreditation standards, 
such as pressure relationships or mini- 
mum air change rates. 


(b) The airflow rate that is reheated, recooled, 
or mixed shall be less than 50 percent of 
the zone design peak supply rate. 


(c) The first stage of heating consists of modu- 
lating the zone supply air temperature set- 
point up to a maximum setpoint while the 
airflow is maintained at the dead band flow 
rate. 


(d) The second stage of heating consists of 
modulating the airflow rate from the dead 
band flow rate up to the heating maximum 
flow rate. 


(3) Laboratory exhaust systems that comply with 
Section E 503.5.11.3. 


(4) Zones where at least 75 percent of the energy for 
reheating or for providing warm air in mixing 
systems is provided from site-recovered energy 
(including condenser heat) or site-solar energy. 
[ASHRAE 90.1:6.5.2.1] 


E 503.5.5.1 Supply Air Temperature Reheat 
Limit. Where reheating is permitted in accordance 
with this appendix, zones that have both supply and 
return or exhaust air openings more than 6 feet 
(1829 mm) above the floor shall not supply heating 
air more than 20°F (11°C) above the space temper- 
ature setpoint. 
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Exceptions: 


(1) Laboratory exhaust systems in accordance with 
Section E 503.5.11.3. 

(2) During preoccupancy building warm-up and 
setback. [ASHRAE 90.1:6.5.2.1.1] 

E 503.5.5.2 Hydronic System Controls. The 

heating of fluids in hydronic systems that have been 

previously mechanically cooled and the cooling of 

fluids that have been previously mechanically 

heated shall be limited in accordance with Section 

Be 503.5, 5.2.1 tocourh. Section. E503 55.223. 

[ASHRAE 90.1:6.5.2.2] 


E 503.5.5.2.1 Three-Pipe System. 
Hydronic systems that use a common return 
system for both hot water and chilled water 
shall not be used. [ASHRAE 90.1:6.5.2.2.1] 


E 503.5.5.2.2 Two-Pipe Changeover Sys- 
tem. Systems that use a common distribution 
system to supply both heated and chilled water 
are acceptable where in accordance with the fol- 
lowing: 

(1) The system is designed to allow a dead 
band between changeover from one mode 
to the other of not less than 15°F (8°C) out- 
door air temperature. 


(2) The system is designed to operate and is 
provided with controls that will allow oper- 
ation in one mode for not less than 4 hours 
before changing over to the other mode. 


(3) Reset controls are provided that allow heat- 
ing and cooling supply temperatures at the 
changeover point to be not more than 30°F 
(17°C) apart. [ASHRAE 90.1:6.5.2.2.2] 


E 503.5.5.2.3 Hydronic (Water Loop) 
Heat Pump Systems. Hydronic heat pumps 
connected to a common heat pump water loop 
with central devices for heat rejection (e.g., 
cooling tower) and heat addition (e.g., boiler) 
shall have the following: 


(1) Controls that are capable of and configured 
to provide a heat pump water supply tem- 
perature dead band of at least 20°F (11°C) 
between initiation of heat rejection and 
heat addition by the central devices (e.g., 
tower and boiler). 


(2) For climate zone 3 through zone 8, where a 
closed-circuit cooling tower (fluid cooler) | 
is used, either an automatic valve shall be 
installed to bypass all but a minimal flow of 
water around the tower (for freeze protec- 
tion) or low-leakage positive closure 
dampers shall be provided. Where an open- 
circuit cooling tower is used directly in the | 
heat pump loop, an automatic valve shall be 
installed to bypass all heat pump water flow | 
around the tower. Where an open-circuit 
cooling tower is used in conjunction with a | 
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separate heat exchanger to isolate the tower 
from the heat pump loop then heat loss shall 
be controlled by shutting down the circula- 
tion pump on the cooling tower loop. 


Exception: Where a system loop tempera- 
ture optimization controller is used to 
determine the most efficient operating tem- 
perature based on real-time conditions of 
demand and capacity, dead bands of less 
than 20°F (11°C) shall be permitted. 
[ASHRAE 90.1:6.5.2.2.3] 


E 503.5.5.3 Dehumidification. Where humidity 
controls are provided, such controls shall prevent 
reheating, mixing of hot and cold airstreams, or 
other means of simultaneous heating and cooling of 
the same airstream. 


Exceptions: 


(1) The system is capable of and configured to 
reduce supply air volume to 50 percent or less 
of the design airflow rate or the minimum out- 
door air ventilation rate in accordance with 
Chapter 4 or ASHRAE 62.1 or other applicable 
federal, state, or local code or recognized stan- 
dard, whichever is larger before simultaneous 
heating and cooling takes place. 


(2) The individual fan cooling unit has a design 
cooling capacity of not more than 65 000 Btu/h 
(19 kW) and is capable of and configured to 
unload to 50 percent capacity before simultane- 
ous heating and cooling takes place. 


(3) The individual mechanical cooling unit has a 
design cooling capacity of not more than 40 000 
Btu/h (11.7 kW). An individual mechanical 
cooling unit is a single system composed of a 
fan or fans and a cooling coil capable of pro- 


warehouses, and ice arenas, and where the build- 
ing includes site-recovered energy or site solar 
energy that provide energy equal to 75 percent 
or more of the annual energy for reheating or for 
providing warm air in mixing systems. This 
exception shall not apply to computer rooms. 

(5) Not less than 90 percent of the annual energy 
for reheating or for providing warm air in mix- 
ing systems is provided from site-recovered 
energy (including condenser heat) or site-solar 
energy. 


(6) Systems where the heat added to the airstream 
is the result of the use of a desiccant system and 
75 percent of the heat added by the desiccant 
system is removed by a heat exchanger, either 
before or after the desiccant system with energy 
recovery. [ASHRAE 90.1:6.5.2.3] 


E 503.5.5.4 Humidifier Preheat. Humidifiers 
with preheating jackets mounted in the airstream 
shall be provided with an automatic valve to shut off 
preheat where humidification is not required. 
[ASHRAE 90.1:6.5.2.4.1] 


E 503.5.5.4.1 Insulation. Humidification 
system dispersion tube hot surfaces in the 
airstreams of ducts or air-handling units shall 
be insulated with a product with an insulating 
value of not less than R-0.5. 


Exception: Systems where mechanical cooling, 
including economizer operation, does not occur 
simultaneously with humidification. [ASHRAE 
90: 1:652244.2] 
E 503.5.5.5 Preheat Coils. Preheat coils shall 
have controls that stop their heat output where 


mechanical cooling, including economizer opera- 
tion, is occurring. [ASHRAE 90.1:6.5.2.5] 


E 503.5.6 Air System Design and Control. HVAC 
air system design and control shall be in accordance with 
the provisions of Section E 503.5.6.1 through Section E 
503.5.6.6. 


E 503.5.6.1 Fan System Power and Efficiency. 
Each HVAC system having a total fan system motor 


viding mechanical cooling. 


(4) Systems serving spaces where specific humid- 
ity levels are required to satisfy process needs, 
such as vivariums, museums, surgical suites, 
pharmacies, and buildings with refrigerating 
systems, such as supermarkets, refrigerated 


TABLE E 503.5.6.1(1) 
FAN POWER LIMITATION* 
[ASHRAE 90.1: TABLE 6.5.3.1-1] 


LIMIT CONSTANT VOLUME 


VARIABLE VOLUME 


Option 1: Fan system motor nameplate (hp) | Allowable nameplate motor (hp) hp <CFMsg ° 0.0011 hp <CFMg ¢ 0.0015 


bhp <CFMg + 0.00094 +4 | bhp <CFMg + 0.0013 +A 


Allowable fan system (bhp) 


Option 2: Fan system (bhp) 


For SI units: 1 horsepower = 0.746 kW, 1 cubic foot per minute = 0.00047 m*/s 


* Where: 
CFM; = _ the maximum design supply airflow rate to conditioned spaces served by the system in cubic feet per minute (m?/s) 
hp = the maximum combined motor nameplate horsepower (kW) 
bhp = the maximum combined fan brake horsepower (kW) 
A = sum of (PD x CFMp/4131) 
PD = each applicable pressure drop adjustment from Table E 503.5.6.1(2) in inch water column (kPa) 


CFMp = _ the design airflow through each applicable device from Table E 503.5.6.1(2) in cubic feet per minute (m*/s) 
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nameplate horsepower (kW) exceeding 5 hp (3.7 kW) 
at fan system design conditions shall not exceed the 
allowable fan system motor nameplate horsepower 
(kW) (Option 1) or fan system brake horsepower 
(kW) (Option 2) as shown in Table E 503.5.6.1(1). 
This shall include supply fans, return or relief fans, 
exhaust fans, and fan-powered terminal units associ- 
ated with systems providing heating or cooling capa- 
bility that operate at fan system design conditions. 
Single-zone VAV systems shall comply with the con- 
stant-volume fan power limitation. 


Exceptions: 


(1) Hospital, vivarium, and laboratory systems that 
utilize flow control devices on exhaust, return, 
or both to maintain space pressure relationships 
necessary for occupant health and safety, or 
environmental control shall be permitted to use 
variable-volume fan power limitation. 


(2) Individual exhaust fans with motor nameplate 
horsepower of | hp (0.7 kW) or less. [ASHRAE 
90.1:6.5.3.1.1] 


E 503.5.6.1.1 Motor Nameplate Horse- 
power. For each fan, the selected fan motor shall 
be no larger than the first available motor size 
greater than the bhp. The fan bhp shall be indi- 
cated on the design documents to allow for com- 
pliance verification by the Authority Having 
Jurisdiction. 
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Exceptions: 


(1) For fans less than 6 bhp (4.5 kW), where the 
first available motor larger than the bhp 
(kW) has a nameplate rating within 50 per- 
cent of the bhp (kW), the next larger name- 
plate motor size shall be permitted to be | 
selected. 


(2) For fans 6 bhp (4.5 kW) and larger, where 
the first available motor larger than the bhp 
(kW) has a nameplate rating within 30 per- 
cent of the bhp (kW), the next larger name- 
plate motor size shall be permitted to be ] 
selected. 


(3) Systems that are in accordance with Sec- 
tion E 503.5.6.1, Option 1. 


(4) Fans with motor nameplate horsepower 
of less than | hp (0.7 kW). [ASHRAE 
904136.5.30.2 | 


E 503.5.6.1.2 Fan Efficiency. Fans shall have 
a fan efficiency grade (FEG) of 67 or more, 
based on manufacturers’ certified data in accor- 
dance with AMCA 205. The total efficiency of 
the fan at the design point of operation shall be 
within 15 percentage points of the maximum 
total efficiency of the fan. 


Exceptions: 


(1) Individual fans with a motor nameplate 
horsepower of 5 hp (3.7 kW) or less that are 


TABLE E 503.5.6.1(2) 
FAN POWER LIMITATION PRESSURE DROP ADJUSTMENT 


[ASHRAE 90.1: TABLE 6.5.3.1- 


CREDITS 


2) 


—————— 


Return or exhaust systems required by code or accreditation stan- 
dards to be fully ducted, or systems required to maintain air pressure 
differentials between adjacent rooms 


0.5 in. w.c. (2.15 in w.c. for laboratory and vivarium systems) 


Return, exhaust, or both airflow control devices 0.5 in. w.c. ‘ | 

‘Exhaust filters, scrubbers, or other exhaust treatment The pressure drop of device calculated at fan system design condition | 
Particulate Filtration Credit: MERV 9 through 12 0.5in.w.c. Mao “ae 
Particulate Filtration Credit: MERV 13 through 15 0.9 in. w.c. 


Particulate Filtration Credit: MERV 16 and greater, and electroni- 
cally enhanced filters 


Pressure drop calculated at 2x clean filter pressure drop at fan | 
system design condition 


Carbon and other gas-phase air cleaners 


Clean filter pressure drop at fan system design condition 


Biosafety cabinet 


Pressure drop of device at fan system design condition | 


Energy recovery device, other than coil runaround loop 


For each airstream [(2.2 x enthalpy recovery ratio) - 0.5] in w.c. 


Coil runaround loop 


Evaporative humidifier or cooler in series with another cooling coil 


Sound attenuation section (fans serving spaces with design back- 
ground noise goals below NC35) 


0.15 in. w.c. 


Exhaust system serving fume hoods 


0.35 in. w.c. 


| Laboratory and vivarium exhaust systems in high-rise buildings 


0.25 in. w.c. per 100 feet of vertical duct exceeding 75 ft 


| 
| 
DEDUCTIONS | ie 


Systems without central cooling device 7 +06 iInnwiew-aily wv Ps 
Systems without central heating device SOStiniWwietioy oa) a. 
Systems with central electric resistance heat a). 20, wit. 


For SI units: 1 inch water column = 0.249 kPa, 1 foot = 304.8 mm 
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not part of a group operated as the func- 
tional equivalent of a single fan. 


(2) Multiple fans in series or parallel (e.g., fan 
arrays) that have a combined motor name- 
plate horsepower of 5 hp (3.7 kW) or less 
and are operated as the functional equiva- 
lent of a single fan. 

(3) Fans that are part of equipment listed under 
Section E 503.4. 


(4) Fans included in equipment bearing a third 
party-certified seal for air or energy per- 
formance of the equipment package. 

(5) Powered wall/roof ventilators (PRV). 

(6) Fans outside the scope of AMCA 205. 

(7) Fans that are intended to only operate dur- 


ing emergency conditions. [ASHRAE 
90.1:6.5.32.3] 


E 503.5.6.2 Supply Fan Airflow Control. Each 
cooling system listed in Table E 503.5.6.2 shall be 
designed to vary the supply fan airflow as a function 
of load and shall comply with the following require- 
ments: 


(1) 


(2) 


(3) 


DX and chilled-water cooling units that control 
the capacity of the mechanical cooling directly 
based on space temperature shall have a mini- 
mum of two stages of fan control. Low or mini- 
mum speed shall not exceed 66 percent of full 
speed. At low or minimum speed, the fan system 
shall draw no more than 40 percent of the fan 
power at full fan speed. Low or minimum speed 
shall be used during periods of low cooling load 
and ventilation-only operation. 


All other units, including DX cooling units and 
chilled-water units that control the space tem- 
perature by modulating the airflow to the space, 
shall have modulating fan control. Minimum 
speed shall not exceed 50 percent of full speed. 
At minimum speed, the fan system shall draw 
no more than 30 percent of the power at full fan 
speed. Low or minimum speed shall be used 
during periods of low cooling load and ventila- 
tion-only operation. 


Units that include an air economizer to meet the 
requirements of Section E 503.5 through Sec- 
tion E 503.5.4.1 shall have a minimum of two 
speeds of fan control during economizer opera- 
tion. 


Exceptions: 


(1) 


(2) 


Modulating fan control shall not be required for 
chilled-water and evaporative cooling units 
with less than! hp (0.7 kW) fan motors where 
the units are not used to provide ventilation air 
and where the indoor fan cycles with the load. 

Where the volume of outdoor air required to 
meet the ventilation requirements of Chapter 4 
or ASHRAE 62.1 at low speed exceeds the air 
that would be delivered at the speed defined in 


Section E 503.5.6.2(1), or Section E 
503.5.6.2(2), then the minimum speed shall be 
selected to provide the required ventilation air. 
[ASHRAE 90.1:6.5.3.2.1] 


TABLE E 503.5.6.2 
FAN AIRFLOW CONTROL 
[ASHRAE 90.1: TABLE 6.5.3.2.1] 


MECHANICAL 
COOLING systemTyPE | FAN ghee SIZE, | COOLING CAPACITY, 
P (Btu/h) 
DX cooling ___ Any >65 000 
illed-water a = 
Chi ed-w iter nd evapo Sl, ey 
rative cooling 


For SI units: 1000 British thermal units per hour = 0.293 kW, | horsepower 
= 0.746 kW, 1 cubic foot per minute = 0.00047 m/s 


E 503.5.6.2.1 VAV Static Pressure Sensor 
Location. Static pressure sensors used to con- 
trol VAV fans shall be located such that the 
controller setpoint is not more than 1.2 inches 
water column (0.30 kPa). Where this results in 
the sensor being located downstream of major 
duct splits, sensors shall be installed in each 
major branch to ensure that static pressure is 
maintained in each. 


Exception: Systems that are in accordance with 
Section E 503.5.6.2.2. [ASHRAE 90.1:6.5.3.2.2] 


E 503.5.6.2.2 VAV Setpoint Reset. For mul- 
tiple-zone VAV systems having a total fan sys- 
tem motor nameplate horsepower exceeding 5 hp 
(3.7 kW) with DDC of individual zones report- 
ing to the central control panel, static pressure set- 
point shall be reset based on the zone requiring 
the most pressure, such as the setpoint is reset 
lower until one zone damper is nearly wide open. 
Controls shall provide the following: 


(1) Monitor zone damper positions or other 
indicator of need for static pressure. 


(2) Automatically detect those zones that are 
capable of excessively driving the reset 
logic and generate an alarm to the system 
operator. 


(3) Readily allow operator removal of zones 
from the reset algorithm. [ASHRAE 
90.1:6.5.3.2.3] 


E 503.5.6.3 Multiple-Zone VAV System Venti- 
lation Optimization Control. Multiple-zone 
VAV systems with DDC of individual zone boxes | 
reporting to a central control panel shall include 
means to automatically reduce outdoor air intake 
flow below design rates in response to changes in 
system ventilation efficiency in accordance with 
Section 404.0. | 


Exceptions: 


(1) VAV systems with zonal transfer fans that 
recirculate air from other zones without directly 
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mixing it with outdoor air, dual-duct dual-fan 
VAV systems, and VAV systems with fan- 
powered terminal units. 


(2) Systems where total design exhaust airflow is 
more than 70 percent of total design outdoor air 
intake flow requirements. [ASHRAE 
WU ALO. 525] 


E 503.5.6.4 Supply Air Temperature Reset 
Controls. Multiple zone HVAC systems shall 
include controls that automatically reset the supply 
air temperature in response to representative build- 
ing loads, or to outdoor air temperature. The con- 
trols shall reset the supply air temperature to at least 
25 percent of the difference between the design sup- 
ply air temperature and the design room air temper- 
ature. Controls that adjust the reset based on zone 
humidity shall be permitted. Zones that are expected 


TABLE E 503.5.6.5(1) 
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to experience relatively constant loads, such as elec- 
tronic equipment rooms, shall be designed for the 
fully reset supply temperature. 


Exceptions: 
(1) Climate zones 0A, 1A, 2A, and 3A. 


(2) Systems that prevent reheating, recooling, or 
mixing of heated and cooled supply air. 


(3) Systems where not less than 75 percent of the 
energy for reheating (on an annual basis) is 
from site recovered energy or site-solar energy. 
[ASHRAE 90.1:6.5.3.5] 


E 503.5.6.5 Fractional Horsepower Fan 
Motors. Motors for fans that are “2 hp (62.1 W) or 
more and less than | hp (0.7 kW) shall be electron- 
ically-commutated motors or shall have a motor effi- 
ciency of not less than 70 percent where rated in 


MINIMUM AVERAGE FULL-LOAD EFFICIENCY FOR POLYPHASE SMALL ELECTRIC MOTORS* 
[ASHRAE 90.1: TABLE 10.8-3] 


FULL-LOAD EFFICIENCY, % F 
NUMBER OF POLES OPEMMOINES 
2 4 6 

SYNCHRONOUS SPEED (RPM) 3600 1800 1200 
MOTOR HORSEPOWER EFFICIENCY, % 

0.25 65.6 69.5 67.5 

0.33 69.5 73.4 71.4 

0.50 73.4 78.2 | 75.3 

0.75 76.8 81.1 81.7 

1 71.0 83.5 82.5 fi 

1.5 84.0 86.5 83.8 

2 85.5 86.5 N/A 

3 85.5 86.9 N/A 


* Average full-load efficiencies shall be established in accordance with 10 CFR 431. 


TABLE E 503.5.6.5(2) 


MINIMUM AVERAGE FULL-LOAD EFFICIENCY FOR CAPACITOR-START CAPACITOR-RUN AND 


CAPACITOR-START INDUCTION-RUN SMALL ELECTRIC MOTORS* 


[ASHRAE 90.1: TABLE 10.8-4] 


FULL-LOAD EFFICIENCY, % ' 
NUMBER OF POLES sieot debi hla va 
2 4 6 
SYNCHRONOUS SPEED (RPM) 3600 1800 1200 | 
MOTOR HORSEPOWER EFFICIENCY, % a 
0.25 66.6 68.5 62.2 
i 0.33 70.5 72.4 66.6 
[ 0.50 12.4 76.2 76.2 > | 
0.75 76.2 81.8 80.2 i 
1 80.4 82.6 81.1 “=| 
1.5 81.5 83.8 N/A ev 
2 82.9 84.5 N/A a 
3 84.1 DViAi aU N/A 


* Average full-load efficiencies shall be established in accordance with 10 CFR 431. 
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accordance with DOE 10 CFR 431. These motors 
shall also have the means to adjust motor speed for 
either balancing or remote control. Belt-driven fans 
shall be permitted to use sheave adjustments for air- 
flow balancing in lieu of a varying motor speed. 


Exceptions: 


(1) Motors in the airstream within fan coils and ter- 
minal units that operate when providing heat- 
ing to the space served. 


(2) Motors installed in space conditioning equip- 
ment certified in accordance with Section E 
503.4 through Section E 503.4.4.1. 


(3) Motors shown in Table E 503.5.6.5(1) or Table 
E 503.5.6.5(2). [ASHRAE 90.1:6.5.3.6] 


E 503.5.6.6 Ventilation Design. The required 
minimum outdoor air rate is the larger of the mini- 
mum outdoor air rate or the minimum exhaust air 
rate required by Chapter 4, ASHRAE 62.1, 
ASHRAE 170, or applicable codes or accreditation 
standards. Outdoor air ventilation systems shall 
comply with one of the following: 


(1) Design minimum system outdoor air provided 
shall not exceed 135 percent of the required 
minimum outdoor air rate. 


(2) Dampers, ductwork, and controls shall be pro- 
vided that allow the system to supply no more 
than the required minimum outdoor air rate with 
a single setpoint adjustment. 


(3) The system includes exhaust air energy recov- 
ery complying with Section E 503.5.10. 
[ASHRAE 90.1:6.5.3.7] 


E 503.5.7 Hydronic System Design and Control. 
Boiler systems with design input of 1 000 000 Btus/h (293 
kW) or more shall comply with the turndown ratio in 
accordance with Table E 503.5.7. 


The system turndown requirement shall use multiple 
single-input boilers, one or more modulating boilers, or 
a combination of single-input and modulating boilers. 


Boilers shall comply with the minimum efficiency 
requirements in Table E 503.7.1(6). [ASHRAE 
90.1:6.5.4.1] 


TABLE E 503.5.7 
BOILER TURNDOWN 
[ASHRAE 90.1: TABLE 6.5.4.1] 


| 


_ BOILER SYSTEM DESIGN INPUT, Btu/h MINIMUM TURNDOWN RATIO 
_ 21.000 000 and <5.000 000 3 tol 

____ 25.000 000 and <10 000000 | 4 to | 

10.000 000 | 5 to | 


For SI units: 1000 British thermal units per hour = 0.293 kW 
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E 503.5.71 Hydronic Variable Flow Systems. 
Chilled- and hot-water distribution systems. that 
include three or more control valves designed to mod- 
ulate or step open and close as a function of load shall 
be designed for variable fluid flow and shall be capa- 


ble of and configured to reduce pump flow rates to not 
more than the larger of 25 percent of the design flow 
rate or the minimum flow required by the 
heating/cooling equipment manufacturer for the 
proper operation of equipment. Individual or parallel 
pumps serving variable-flow heating-water or chilled- 
water systems, where the nameplate horsepower of the 
motor or combined parallel motors is not less than the 
power shown in Table E 503.5.7.1, shall have controls 
or devices that will result in pump motor demand of 
not more than 30 percent of design wattage at SO per- 
cent of design water flow. The controls or devices 
shall be controlled as a function of desired flow or to 
maintain a minimum required differential pressure. 
Differential pressure shall be measured at or near the 
most remote heat exchanger or the heat exchanger 
requiring the greatest differential pressure. The differ- 
ential pressure setpoint shall not exceed 110 percent 
of that required to achieve design flow through the 
heat exchanger. Where differential pressure control is 
used to comply with this section, and DDC systems 
are used, the setpoint shall be reset downward based 
on valve positions until one valve is nearly wide open. 

Exceptions: 

(1) Differential pressure set-point reset is not 
required where valve position is used to comply 
with Section E 503.5.7.3. 

(2) Variable-pump flow control is not required on 
heating-water pumps where more than 50 per- 
cent of annual heat is generated by an electric 
boiler. 

(3) Variable flow is not required for primary pumps 
in a primary/secondary system. 

(4) Variable flow is not required for a coil pump 
provided for freeze protection. 


(5) Variable flow is not required for heat recovery 
coil runaround loops. [ASHRAE 90.1:6.5.4.2] 


TABLE E 503.5.7.1 
PUMP FLOW CONTROL REQUIREMENTS 
[ASHRAE 90.1: TABLE 6.5.4.2] 


CHILLED WATER PUMPS | HEATING WATER MOTOR 
IN THESE PUMPS IN THESE NAMEPLATE 
CLIMATE ZONES CLIMATE ZONES HORSEPOWER 
0A,0B,1A,1B,2B-|- —_ NR gay >2hp | 
ye ms NR | >3 hp 
3A, 3C, 4A, 4B re >5 hp 
4C, 5A, 5B, 5C, 6A, 6B| 3C, 5A, 5C, 6A, 6B >7.5 hp 
— ae Co >10 hp 
pe: Tin seal _ 4B |__ 215 hp 
— | 2A, 2B) dae dB >25 hp 
OS pee a ete bs lo >100 hp 
- | cop OAs OB yc bce eoentiarane2200-bp 


For SI units: 1 horsepower = 0.746 kW 


E 503.5.7.2 Chiller and Boiler Isolation. Where 
a chilled-water plant includes more than one chiller, 
provisions shall be made so that the fluid flow 
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through the chiller is automatically shut off where the 
chiller is shut down. Chillers piped in series for the 
purpose of increased temperature differential, shall be 
considered as one chiller. Where constant-speed 
chilled-water or condenser water pumps are used to 
serve multiple chillers, the number of pumps shall be 
not less than the number of chillers and staged on and 
off with the chillers. [ASHRAE 90.1:6.5.4.3.1] 


E 503.5.7.2.1 Boiler Isolation. Where a 
boiler plant includes more than one boiler, pro- 
visions shall be made so that the flow through 
the boiler is automatically shut off where the 
boiler is shut down. Where constant-speed hot- 
water pumps are used to serve multiple boilers, 
the number of pumps shall be not less than the 
number of boilers and staged on and off with 
the boilers. [ASHRAE 90.1:6.5.4.3.2] 


E 503.5.7.3 Chilled- and Hot-Water Tempera- 
ture Reset Controls. Chilled- and hot-water sys- 
tems with a design capacity exceeding 300 000 Btu/h 
(88 kW) supplying chilled or heated water to comfort 
conditioning systems shall include controls that auto- 
matically reset supply water temperatures by repre- 
sentative building loads (including return water 
temperature) or by outdoor air temperature. Where 
DDC is used to control valves, the set point shall be 
reset based on valve positions until one valve is 
nearly wide open or setpoint limits of the system 
equipment or application have been reached. 
Exceptions: 

(1) Where chilled-water supply is already cold, 
such as chilled water supplied from a district 
cooling or thermal energy storage system, such 
that blending would be required to achieve the 
reset chilled-water supply temperature. 


(2) Where a specific temperature is required for a 
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(3) Water temperature reset is not required where 
valve position is used to comply with Section E 
503.5.7. [ASHRAE 90.1:6.5.4.4] 


E 503.5.7.4 Hydronic (Water Loop) Heat 
Pump and Water-Cooled Unitary Air Condi- 
tioners. Hydronic heat pumps and water-cooled 
unitary air-conditioners shall have a two-position 
automatic valve interlocked to shut off water flow 
when the compressor is off. 


Exception: Units employing water economizers. 
[ASHRAE 90.1:6.5.4.5.1] 


E 503.5.7.4.1 Controls. Hydronic heat pumps 
and water-cooled unitary air-conditioners hav- 
ing a total pump system power exceeding 5 hp 
(3.7 kW) shall have controls, devices, or both 
(such as variable speed control) that will result 
in pump motor demand of not more than 30 per- 
cent of design wattage at 50 percent of design 
water flow. [ASHRAE 90.1:6.5.4.5.2] 


E 503.5.7.5 Pipe Sizing. Chilled-water and con- 
denser-water piping shall be designed such that the 
design flow rate in each piping segment shall not | 
exceed the values listed in Table E 503.5.7.5 for the 
appropriate total annual hours of operation. Piping | 
size selections for systems that operate under vari- 
able flow conditions (e.g., modulating two-way con- 
trol valves at coils) and that contain variable-speed 
pump motors shall be permitted to be made from the 
“Variable Flow/Variable Speed” columns. All oth- 
ers shall be made from the “Other” columns. 
Exceptions: 

(1) Design flow rates exceeding the values in Table 
E 503.5.7.5 shall be permitted in specific sec- 
tions of piping if the piping in question is not in | 
the critical circuit at design conditions and is 
not predicted to be in the critical circuit during 


process. more than 30 percent of operating hours. i 


TABLE E 503.5.7.5 
PIPING SYSTEM DESIGN MAXIMUM FLOW RATE (gallons per minute) 
[ASHRAE 90.1: TABLE 6.5.4.6] 


OPERATING HOURS/YEAR 


<2000 HOURS/YEAR >2000 AND <4400 HOURS/YEAR >4400 HOURS/YEAR | 
SE EE a oe al i eoargemeera ts be geome 
2% 120 alg RE: PORE 130 68 Omi. | 
[ 3 iweriietrln til 270 fabDEAD bed lua lan tine) aneundil ID 
4 350 530 260 writ 400inadel os. 210 99320 
5 ip on 620 8 iaibtaalal te KAZORE. 00) (eap260 nee gah a3T0de!' | | 
6 740 1100 570 860 | «440 po (680k) 
8 1200 1800 900 Ce Es a 
10 1800 | 2700 | 1300 2000 [1000 | 1600 | 
12 2500 ohaho0 | 15007 ae astorty | 
ee 8.5 ft/s 13.0 ft/s 6.5 ft/s 9.5 ft/s 5.0 ft/s 7.5 ft/s 
14-24 inches in size 


For SI units: 1 gallon per minute = 0.06 L/s, 1 foot per second = 0.3048 m/s, | inch = 25.4 mm 
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(2) Piping systems that have equivalent or lower total 
pressure drop than the same system constructed 
with standard weight steel pipe with piping and 
fittings sized in accordance with Table E 
503.5.7.5. [ASHRAE 90.1:6.5.4.6] 


E 503.5.8 Heat Rejection Equipment. Section E 
503.5.8 through Section E 503.5.9 applies to heat-rejec- 
tion equipment used in comfort cooling systems, such as 
air-cooled condensers, dry coolers, open-circuit cooling 
towers, closed-circuit cooling towers, and evaporative 
condensers. 


Exception: Heat-rejection devices whose energy use is 
included in the equipment efficiency ratings listed in 
Table E 503.7.1(1) through Table E 503.7.1(4). 
[ASHRAE 90.1:6.5.5.1] 


E 503.5.8.1 Fan Speed Control. The fan system 
on a heat-rejection device powered by an individual 
motor or an array of motors with a connected power, 
including the motor service factor, totaling 5 hp (3.7 
kW) or more shall have controls and/or devices (such 
as variable-speed control) that shall result in fan 
motor demand of no more than 30 percent of design 
wattage at 50 percent of the design airflow and that 
shall automatically modulate the fan speed to control 
the leaving fluid temperature or condensing temper- 
ature/pressure of the heat-rejection device. 


Exceptions: 


(1) Condenser fans serving multiple refrigerant or 
fluid cooling circuits. 


(2) Condenser fans serving flooded condensers. 
[ASHRAE 90.1:6.5.5.2.1] 


E 503.5.8.2 Variable-Speed Fan Drives. Mul- 
ticell heat rejection equipment with variable-speed 
fan drives shall: 


(1) Operate the maximum number of fans allowed 
that comply with the manufacturer’s require- 
ments for all system components. 


(2) Control all fans to the same fan speed required 
for the instantaneous cooling duty, as opposed 
to staged (on/off) operation. Minimum fan 
speed shall comply with the minimum allow- 
able speed of the fan drive system per the man- 
ufacturer’s recommendations. [ASHRAE 
AO a2 


E 503.5.9 Limitation on Centrifugal Fan Open- 
Circuit Cooling Towers. Centrifugal fan open-circuit 
cooling towers with a combined rated capacity of 1100 
gallons per minute (gpm) (69.39 L/s) or greater at 95°F 
(35°C) condenser water return, 85°F (29°C) condenser 
water supply, and 75°F (24°C) outdoor air wet-bulb tem- 
perature shall comply with the energy efficiency require- 
ment for axial fan open-circuit cooling towers in 
accordance with Table E 503.7.1(7). 

Exception: Centrifugal open-circuit cooling towers that 


are ducted (inlet or discharge) or require external sound 
attenuation. [ASHRAE 90.1:6.5.5.3] 


E 503.5.9.1 Tower Flow Turndown. Open-cir- 
cuit cooling towers used on water-cooled chiller sys- 
tems that are configured with multiple- or 
variable-speed condenser water pumps shall be 
designed so that all open-circuit cooling tower cells 
can be run in parallel with the larger of the follow- 
ing: 

(1) The flow that is produced by the smallest pump 

at its minimum expected flow rate. 


(2) Fifty percent of the design flow for the cell. 
[ASHRAE 90.1:6.5.5.4] 


E 503.5.10 Exhaust Air Energy Recovery. Each fan 
system shall have an energy recovery system where the 
design supply fan airflow rate exceeds the value listed in 
Table E 503.5.10(1) and Table E 503.5.10(2), based on 
the climate zone and percentage of outdoor air at design 


airflow conditions. Table E 503.5.10(1) shall be used for | 


all ventilation systems that operate less than 8000 hours 
per year and Table E 503.5.10(2) shall be used for all 
ventilation systems that operate 8000 or more hours per 
year. 

Energy recovery systems required by this section 
shall result in an enthalpy recovery ratio of not less than 
50 percent. A fifty percent enthalpy recovery ratio shall 


mean a change in the enthalpy of the outdoor air supply | 


equal to 50 percent of the difference between the outdoor 

air and entering exhaust air enthalpies at design condi- 

tions. Provision shall be provided to bypass or control 
the energy recovery system to permit air economizer 

operation in accordance with Section E 503.5.1. 

Exceptions: 

(1) Laboratory systems that are in accordance with Sec- 
tion E 503.5.11.3. 

(2) Systems serving spaces that are not cooled and that 
are heated to less than 60°F (16°C). 

(3) Where more than 60 percent of the outdoor air heat- 
ing energy is provided from site-recovered energy 
or site-solar energy. 

(4) Heating energy recovery in Climate Zones 0, 1, and 
z 

(5) Cooling energy recovery in climate zones 3C, 4C, 
5B, 5C, 6B, 7, and 8. 

(6) Where the sum of the airflow rates exhausted and 
relieved within 20 feet (6096 mm) of each other is 
less than 75 percent of the design outdoor airflow 
rate, excluding exhaust air that is; 

(a) used for another energy recovery system, 
(b) not allowed by ASHRAE 170 for use in energy 
recovery systems with leakage potential, or 


(c) of Class 4 as defined in Chapter 2 or ASHRAE ] 


62.1. 


(7) Systems requiring dehumidification that employ 
energy recovery in series with the cooling coil. 
(8) Systems expected to operate less than 20 hours per 


week at the outdoor air percentage in accordance 
with Table E 503.5.10(1). [ASHRAE 90.1:6.5.6.1] 
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TABLE E 503.5.10(1) 
EXHAUST AIR ENERGY RECOVERY REQUIREMENTS FOR VENTILATION 
SYSTEMS OPERATING LESS THAN 8000 HOURS PER YEAR* 
[ASHRAE 90.1: TABLE 6.5.6.1-1] 


: | ry ‘ __ PERCENTOUTDOORAIRATFULLDESIGNAIRFLOWRATE =i 
CLIMATE ZONE | 210% and 220% and 230% and 240% and 250% and 260% and 270% and >80% 
<20% <30% <40% <50% <60% <70% Aap eBO%01 Gil “ptf Pap 
DESIGN SUPPLY FAN AIRFLOW RATE (cubic feet perminute) = e | 
3B, 3C, 4B, | | | 
4C. 5B NR NR NR NR NR NR | NR NR 
OB, 1B,2B,5C| NR | _NR NR | _NR_ | 326000 >12000 | ss000 | 4000 
| 6B | 228000 | 226500 | 211000 25500. ets es e500 eS G05 > NOT | 1500 1) | 
OA, 1A, 2A, | 
3A, 4A, 5A, >26 000 >16 000 =5500 >4500 >3500 >2000 =1000 | =120 
6A 
he Bon!s >4500 | >4000 >2500 >1000 [aout oes 1202 acahaokedoomiaube,, 280 
For SI units: | cubic foot per minute = 0.00047 m?/s 
* NR = Not Required 
TABLE E 503.5.10(2) 
EXHAUST AIR ENERGY RECOVERY REQUIREMENTS FOR VENTILATION 
SYSTEMS OPERATING NOT LESS THAN 8000 HOURS PER YEAR* 
[ASHRAE 90.1: TABLE 6.5.6.1-2] 
- ~ : . PERCENT OUTDOOR AIR AT FULL DESIGN AIRFLOW RATE hie te 
| CLIMATE ZONE | 210% and 220% and 230% and 240% and 250% and 260% and 270% and 80% 
| <20% <30% <40% <50% <60% <70% bsypgn<80% i arti 
1 hat ; ___DESIGN SUPPLY FAN AIRFLOW RATE (cubic feet perminute) TOA | 
i Bq NR NR NR NR NR NRBchaReVANBA cl! spaNR wrth | 
eb eh NR >19 500 >9000 >5000 >4000 >3000 >1500 2120 
3B, 4C, 5C_| iv al * a ; Gian a) OS Pei ciey gO! | 
ha * = 22500 | 22000 >1000 >500 >140 =120vee! ||) 92100 280 
decals >200 =130 >100 =80 | 270 =60 | 250 =40 | 
6B, 7, 8 h 2069 | 
For SI units: 1 cubic foot per minute = 0.00047 m*/s 
* NR = Not Required 
E 503.5.10.1 Heat Recovery for Service Water Exceptions: 
Heating. Heat recovery shall comply with Section (1) Facilities that employ condenser heat 
E 503.5.10.1.1 and Section E 503.5.10.1.2. recovery for space heating with a heat 
E 503.5.10.1.1 Condenser Heat Recovery recovery design exceeding 30 percent of | 
Systems. Condenser heat recovery systems the peak water-cooled condenser load at 
shall be installed for the heating or preheating of design conditions. 
service hot water where the following condi- (2) Facilities that provide 60 percent of their 
tions exist: service water heating from site-solar 
(1) The facility operates 24 hours a day. energy or site-recovered energy or from | 
(2) The total installed heat rejection capacity of other sources. [ASHRAE 90.1:6.5.6.2.2] 
the water-cooled system is more than 6 000 E 503.5.11 Exhaust Systems. Exhaust systems shall 
000 Btu/h (1757 kW) of heat rejection. comply with Section E 503.5.11.1 through Section E 
(3) The design service water heating load is 503.5.11.3. 
more than 1 000 000 Btu/h (293 kW). E 503.5.11.1 Transfer Air. Conditioned supply air [<< 
[ASHRAE 90.1:6.5.6.2.1] delivered to a space with a mechanical exhaust shall 
E 503.5.10.1.2 Capacity. The required heat not exceed the greater of the following: 
recovery system shall have the capacity to pro- (1) The supply flow required to be in accordance 
vide the smaller of: with the space heating or cooling load; 
(1) Sixty percent of the peak heat-rejection (2) The ventilation rate required by the Authority 
load at design conditions or Having Jurisdiction, the Facility Environmen- 


(2) Preheat of the peak service hot-water draw tal Health and Safety department, Chapter 4 or 
to 85°F (29°C). ASHRAE 62.1; or 
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TABLE E 503.5.11.2.1 


MAXIMUM NET EXHAUST FLOW RATE, CFM PER LINEAR FOOT OF HOOD LENGTH 
[ASHRAE 90.1: TABLE 6.5.7.2.2] 


1¥Pe OF HOOD aa ep Hen Palen URNA 
Wall-mounted canopy A 140 . 210 4 Re iy 260 | y 385 | 
Singleisland 280 350 As Boe 2490), 
Double island (per side) 175 210) 280 385 
Eyebrow | 175, 175 \ _Not allowed Not allowed 
Backshelf/ Pass-over 210 210 280° Not allowed 


For SI units: 1 foot = 304.8 mm, | cubic foot per minute = 0.00047 m*/s 
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(3) The mechanical exhaust flow minus the avail- 


able transfer air from conditioned spaces or 
return air plenums on the same floor, not in dif- 
ferent smoke or fire compartments, and that at 
their closest point are within 15 feet (4572 mm) 
of each other. Available transfer air is that por- 
tion of outdoor ventilation air that: 


(a) is not required to satisfy other exhaust 
needs, 

(b) is not required to maintain pressurization 

of other spaces, and 

(c) is transferable according to applicable 

codes and standards and to the class of air 

recirculation limitations in Chapter 4 or 


ASHRAE 62.1. 


Exceptions: 


(1) 
(2) 
(3) 


(4) 


Biosafety level classified laboratories 3 or higher. 
Vivarium spaces. 


Spaces that are required by applicable codes 
and standards to be maintained at positive pres- 
sure relative to adjacent spaces. For spaces tak- 
ing this exception, any transferable air that is 
not directly transferred shall be made available 
to the associated air-handling unit and shall be 
used whenever economizer or other options do 
not save more energy. 


Spaces where the demand for transfer air may 
exceed the available transfer airflow rate and 
where the spaces have a required negative pres- 
sure relationship. For spaces taking this excep- 
tion, any transferable air that is not directly 
transferred shall be made available to the asso- 
ciated air-handling unit and shall be used when- 
ever economizer or other options do not save 
more energy. [ASHRAE 90.1:6.5.7.1] 


E 503.5.11.2 Kitchen Exhaust Systems. 
Replacement air introduced directly into the hood 
cavity of kitchen exhaust hoods shall not exceed 10 
percent of the hood exhaust airflow rate. [ASHRAE 
90.1:6.5.7.2.1] 


E 503.5.11.2.1 Exhaust Flow Rate. Where a 
kitchen or dining facility has a total kitchen hood 
exhaust airflow rate exceeding 5000 ft?/min 
(2.3597 m*/s), each hood shall have an exhaust 
rate in accordance with Table E 503.5.11.2.1. 


Where a single hood, or hood section, is installed 
over appliances with different duty ratings, the 
maximum allowable flow rate for the hood or 
hood section shall not exceed the values in Table 
E 503.5.11.2.1 for the highest appliance duty rat- 
ing under the hood or hood section. Refer to 
ASHRAE 154 for definitions of hood type, appli- 
ance duty, and net exhaust flow rate. 


Exception: Seventy-five percent or more of the 
total replacement air is transfer air that would oth- 
erwise be exhausted. [ASHRAE 90.1:6.5.7.2.2] 


E 503.5.11.2.2 Kitchen or Dining Facility. 
Where a kitchen or dining facility has a total 
kitchen hood exhaust airflow rate more than 
5000 ft?/min (2.3597 m?/s), then one of the fol- 
lowing shall be provided: 


(1) Fifty percent or more of all replacement air 
is transfer air that would otherwise be 
exhausted. 

(2) Demand ventilation systems on 75 percent 
or more of the exhaust air. Such systems 
shall be capable of and configured to pro- 
vide 50 percent or more reduction in 
exhaust and replacement air system airflow 
rates, including controls necessary to mod- 
ulate airflow in response to appliance oper- 
ation and to maintain full capture and 
containment of smoke, effluent, and com- 
bustion products during cooking and idle. 
(3) Listed energy recovery devices that result in 
a sensible energy recovery ratio of 40 per- 
cent or more on 50 percent or more of the 
total exhaust airflow. A 40 percent sensible 
energy recovery ratio shall mean a change 
in the dry-bulb temperature of the outdoor 
air supply equal to 40 percent of the differ- 
ence between the outdoor air and entering 
exhaust air dry-bulb temperatures at design 
conditions. [ASHRAE 90.1:6.5.7.2.3] 


E 503.5.11.2.3 Performance Testing. An 
approved field test method shall be used to eval- 
uate design air flow rates and demonstrate 
proper capture and containment performance of 
installed commercial kitchen exhaust systems. 
Where demand ventilation systems are utilized 
to be in accordance with Section E 503.5.11.2.2, 
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additional performance testing shall be required 
to demonstrate proper capture and containment 
at minimum airflow. [ASHRAE 90.1:6.5.7.2.4] 


E 503.5.11.3 Laboratory Exhaust Systems. 
Buildings with laboratory exhaust systems having a 
total exhaust rate of more than 5000 ft?/min (2.3597 
m?/s) shall include not less than one of the following 
features: 


(1) VAV laboratory exhaust and room supply sys- 
tems capable of and configured to reduce 
exhaust and makeup airflow rates, incorporate a 
heat recovery system to precondition makeup 
air from laboratory exhaust, or both, and shall 
be in accordance with the following: 


A+Be(E/M) = 50% (Equation E 503.5.11.3) 


Where: 


A = Percentage that the exhaust and makeup air- 
flow rates are capable of being reduced from 
design conditions. 


B = Sensible energy recovery ratio. 


E = Exhaust airflow rate through the heat recovery 
device at design conditions. 


M = Makeup airflow rate of the system at design 
conditions. 


(2) VAV laboratory exhaust and room supply sys- 
tems that are required to have minimum circula- 
tion rates to be in accordance with the codes or 
accreditation standards shall be capable of and 
configured to reduce zone exhaust and makeup 
airflow rates to the regulated minimum circula- 
tion values, or the minimum required to maintain 
pressurization relationship requirements. Sys- 
tems serving nonregulated zones shall be capable 
of and configured to reduce exhaust and makeup 
airflow rates to 50 percent of the zone design val- 
ues, or the minimum required to maintain pres- 
surization relationship requirements. 


(3) Direct makeup (auxiliary) air supply of 75 per- 
cent or more of the exhaust airflow rate, heated 
not more than 2°F (1°C) below room setpoint, 
cooled to not less than 3°F (2°C) above room 
setpoint, no humidification added, and no simul- 
taneous heating and cooling are used for dehu- 
midification control. [ASHRAE 90.1:6.5.7.3] 


E 503.5.12 Radiant Heating Systems. Radiant heat- 
ing shall be used when heating is required for unenclosed 
spaces. 


Exception: Loading docks equipped with air curtains. 
[ASHRAE 90.1:6.5.8.1] 


E 503.5.12.1 Heating Enclosed Spaces. Radi- 
ant heating systems that are used as primary or sup- 
plemental heating for enclosed spaces shall be in 
conformance with the governing provisions of the 
standard, including, but not limited to the following: 
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(1) Radiant hydronic ceiling or floor panels (used 
for heating or cooling). 


(2) Combination or hybrid systems incorporating 
radiant heating (or cooling) panels. 


(3) Radiant heating (or cooling) panels used in con- 
junction with other systems such as VAV or ther- 
mal storage systems. [ASHRAE 90.1:6.5.8.2] 


E 503.5.13 Hot Gas Bypass Limitation. Cooling 
systems shall not use hot gas bypass or other evaporator 
pressure control systems unless the system is designed 
with multiple steps of unloading or continuous capacity 
modulation. The capacity of the hot gas bypass shall be 
limited as indicated in Table E 503.5.13 for VAV units 
and single-zone VAV units. Hot-gas bypass shall not be 
used on constant-volume units. [ASHRAE 90.1:6.5.9] 


TABLE E 503.5.13 
HOT GAS BYPASS LIMITATION 
[ASHRAE 90.1: TABLE 6.5.9] 


RATED CAPACITY | MAXIMUM HOT GAS BYPASS 
_ {percent of total capacity) 


<240 000 Btwh ate 15% 


>240 000 Btu/h frumefot gernclO%: 


For SI units: 1000 British thermal units per hour = 0.293 kW 


E 503.5.14 Door Switches. Conditioned spaces with 

doors, including doors with more than one-half glass, 

opening to the outdoors shall be provided with controls 

that when any such door is open, the following shall occur: 

(1) Disable mechanical heating or reset the heating set- 
point to 55°F (13°C) or lower within five minutes 
of the door opening. 

(2) Disable mechanical cooling or reset the cooling set- 
point to 90°F (32°C) or more within five minutes of 
the door opening. Mechanical cooling shall be per- 
mitted to remain enabled where outdoor air temper- 
ature is less than the space temperature. 


Exceptions: 

(1) Building entries with automatic closing devices. 
(2) Any space without a thermostat. 

(3) Alterations to existing buildings. 

(4) Loading docks. [ASHRAE 90.1:6.5.10] 


E 503.6 Submittals. The Authority Having Jurisdiction 
shall require submittal of compliance documentation and sup- 
plemental information in accordance with Section E 503.6.1 
through Section E 503.6.3. 


E 503.6.1 Construction Details. Compliance docu- 
ments shall show the pertinent data and features of the 
building, equipment, and systems in sufficient detail to 
permit a determination of compliance by the building 
official and to indicate compliance with the requirements 
of this appendix. [ASHRAE 90.1:4.2.2.1] 


E 503.6.2 Supplemental Information. Supplemen- 
tal information necessary to verify compliance with this 
appendix, such as calculations, worksheets, compliance 
forms, vendor literature, or other data, shall be made 
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available where required by the Authority Having Juris- 
diction. [ASHRAE 90.1:4.2.2.2] 


E 503.6.3 Manuals. Operating and maintenance infor- 
mation shall be provided to the building owner. This infor- 
mation shall include, but not be limited to, the information 
specified in Section E 503.6.3.1, Section E 503.6.3.2, and 
Section E 503.6.5.2. [ASHRAE 90.1:4.2.2.3] 


E 503.6.3.1 Required Information. Construc- 
tion documents shall require that an operating man- 
ual and maintenance manual be provided to the 
building owner. The manuals shall include, at a min- 
imum, the following: 


(1) Submittal data stating equipment rating and 
selected options for each piece of equipment 
requiring maintenance. 


(2) Operation manuals and maintenance manuals 
for each piece of equipment requiring mainte- 
nance. Required routine maintenance actions 
shall be clearly identified. 


(3) Names and addresses of not less than one qual- 
ified service agency. 


(4) A complete narrative of how each system is 
intended to operate. 


The Authority Having Jurisdiction shall only 
check to ensure that the construction documents 
require this information to be transmitted to the owner 
and should not expect copies of any of the materials. 
[ASHRAE 90.1:8.7.2] 


E 503.6.3.2 Lighting Manuals. Construction doc- 
uments shall require for all lighting equipment and 
lighting controls that an operating and maintenance 
manual be provided to the building owner or the des- 
ignated representative of the building owner within 
90 days after the date of system acceptance. These 
manuals shall include, at a minimum, the following: 


(1) Submittal data indicating all selected options 
for each piece of lighting equipment, including 
but not limited to lamps, ballasts, drivers, and 
lighting controls. 


(2) Operation and maintenance manuals for each 
piece of lighting equipment and lighting controls 
with routine maintenance clearly identified 
including, as a minimum, a recommended 
relamping or cleaning program and a schedule for 
inspecting and recalibrating all lighting controls. 


(3) A complete narrative of how each lighting con- 
trol system is intended to operate including rec- 
ommended settings. [ASHRAE 90.1:9.7.2.2] 


E 503.6.4 Labeling of Material and Equipment. 
Materials and equipment shall be labeled in a manner 
that will allow for determination of their compliance with 
the applicable provisions of this appendix. [ASHRAE 
90.1:4.2.3] 

E 503.6.5 Completion Requirements. Section E 
503.6.5.1 through Section E 503.6.5.4.1 are mandatory 


provisions and are necessary to comply with this appen- 
dix. [ASHRAE 90.1:6.7.2] 


E 503.6.5.1 Drawings. Construction documents 
shall require that, within 90 days after the date of sys- 
tem acceptance, record drawings of the actual instal- 
lation be provided to the building owner or the 
designated representative of the building owner. 
Record drawings shall include, as a minimum, the 
location and performance data on each piece of equip- 
ment, general configuration of duct and pipe distri- 
bution system including sizes, and the terminal air or 
water design flow rates. [ASHRAE 90.1:6.7.2.1] 

E 503.6.5.2 Manuals. Construction documents 

shall require that an operating manual and a mainte- 

nance manual be provided to the building owner or 
the designated representative of the building owner 
within 90 days after the date of system acceptance. 

These manuals shall be in accordance with industry- 

accepted standards and shall include, at a minimum, 

the following: 

(1) Submittal data stating equipment size and 
selected options for each piece of equipment 
requiring maintenance. 

(2) Operation manuals and maintenance manuals 
for each piece of equipment and system requir- 
ing maintenance, except equipment not fur- 
nished as part of the project. Required routine 
maintenance actions shall be clearly identified. 

(3) Names and addresses of not less than one serv- 
ice agency. 

(4) HVAC controls system maintenance and cali- 
bration information, including wiring diagrams, 
schematics, and control sequence descriptions. 
Desired or field-determined setpoints shall be 
permanently recorded on control drawings at 
control devices or, for digital control systems, 
in programming comments. 

(5) A complete narrative of how each system is 
intended to operate, including suggested set- 
points. [ASHRAE 90.1:6.7.2.2] 

E 503.6.5.3 System Balancing. Construction 

documents shall require that HVAC systems be bal- 

anced in accordance with generally accepted engi- 
neering standards. Construction documents shall 
require that a written balance report be provided to 
the building owner or the designated representative 
of the building owner for HVAC systems serving 

zones with a total conditioned area exceeding 5000 

square feet (464.52 m’). [ASHRAE 90.1:6.7.2.3.1] 

E 503.6.5.3.1 Air System Balancing. Air 
systems shall be balanced in a manner to first 
minimize throttling losses. Then, for fans with 
fan system power greater than | hp (0.7 kW), 
fan speed shall be adjusted to meet design flow 
conditions. [ASHRAE 90.1:6.7.2.3.2] 
E 503.6.5.3.2 Hydronic System Balanc- 
ing. Hydronic systems shall be proportionately 
balanced in a manner to first minimize throt- 
tling losses; then the pump impeller shall be 
trimmed or pump speed shall be adjusted to 
meet design flow conditions. 
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Exceptions: Impellers need not be trimmed nor 
pump speed adjusted. 


(1) For pumps with pump motors of 10 hp (7.5 
kW) or less. 


(2) Where throttling results is not greater than 
5 percent of the nameplate horsepower 
draw, or 3 hp (2.2 kW), whichever is 
greater, above that required where the 
impeller was trimmed. [ASHRAE 
D0. GT 235 


E 503.6.5.4 System Commissioning. HVAC 
control systems shall be tested to ensure that control 
elements are calibrated, adjusted, and in proper 
working condition. For projects larger than 50 000 
square feet (4645.15 m*) conditioned area, except 
warehouses and semiheated spaces, detailed instruc- 
tions for commissioning HVAC systems shall be 
provided by the designer in plans and specifications. 
[ASHRAE 90.1:6.7.2.4] 


E 503.6.5.4.1 Minimum Level of Com- 
mission. Commissioning shall be performed 
for HVAC systems in accordance with Level 1, 
Basic Commissioning of the SMACNA HVAC 
Systems Commissioning Manual. (See Section 
E 801.0 for additional information on HVAC 
system commissioning) 


E 503.7 Minimum Equipment Efficiency Tables. The 
minimum efficiency requirements for equipment shall com- 
ply with Section E 503.7.1; duct insulation shall comply with 
Section E 503.7.2, and pipe insulation shall comply with Sec- 
tion E 503.7.3. 


E 503.71 Minimum Efficiency Requirement 
Listed Equipment — Standard Rating and Oper- 
ating Conditions. The minimum efficiency require- 
ments for equipment shall comply with Table E 
503.7.1(1) through Table E 503.7.1(16). 


E 503.7.2 Duct Insulation Tables. Duct insulation 
shall comply with Table E 503.7.2. 


E 503.7.3 Pipe Insulation Tables. Pipe insulation 
shall comply with Table E 503.7.3(1) through Table E 
503.7.3(2). 


E 503.8 Alternative Compliance Path. HVAC systems 
serving heating, cooling, or ventilation needs of a computer 
room shall be in accordance with Section E 503.1, Section E 
503.4, Section E 503.8.1 or Section E 503.8.2, Section E 
503.8.3, Section E 502.7 through Section E 502.7.2, and Sec- 
tion E 503.7. [ASHRAE 90.1:6.6.1] 


E 503.8.1 Computer Room (PUE,). The computer 
room PUE shall be not more than the values listed in 
Table E 503.8.1. Hourly simulation of the proposed 
design, for purposes of calculating PUE7, shall be in 
accordance with ASHRAE 90.1. 


Exception: The compliance path shall not be permitted 
for a proposed computer room design utilizing a com- 
bined heat and power system. [ASHRAE 90.1:6.6.1.1] 
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TABLE E 503.8.1 
POWER USAGE EFFECTIVENESS (PUE) MAXIMUM 
[ASHRAE 90.1: TABLE 6.6.1] 


CLIMATE ZONE PUE* = 
0A | 1.64 
OB 1.62 
1A 1.61 
1B 1.53 
2A 1.49 
2B 1.45 
3A 1.41 
3B 1.42 
3C 1.39 
4A 1.36 
4B 1.38 
4C 1.38 
SA 1.36 
5B 1.33 
5C 1.36 
6A 1.34 
6B 1:33 

4 32 
8 1.30 


* PUEg and PUE shall not include energy for battery charging. 


E 503.8.2 Computer Room (PUEg). The computer 
room PUEg is less than or equal to the values listed in 
Table E 503.8.1, shall be the highest value determined at 
outdoor cooling design temperatures, and shall be limited 
to systems only using electricity for an energy source. 

PUE shall be calculated for two conditions: | 


(1) One hundred percent design IT equipment energy 
and 


(2) Fifty percent design IT equipment energy. 
[ASHRAE 90.1:6.6.1.2] 


E 503.8.3 Documentation. Documentation on the fol- 
lowing components shall be provided, including a break- 
down of energy consumption or demand: 


(1) IT equipment 

(2) Power distribution losses external to the IT equip- 
ment 

(3) HVAC systems 

(4) Lighting [ASHRAE 90.1:6.6.1.3] 


E 504.0 Solar Energy Systems. 


E 504.1 General. Solar energy systems shall be installed in 
accordance with the Uniform Solar, Hydronics and Geother- 
mal Code (USHGC). 
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TABLE E 503.7.1(1) 
ELECTRICALLY OPERATED UNITARY AIR CONDITIONERS AND CONDENSING UNITS 
MINIMUM EFFICIENCY REQUIREMENTS 


[ASHRAE 90.1: TABLE 6.8.1-1] 


: : & i J SUBCATEGORY OR RATING TEST 
EQUIPMENT TYPE SIZE CATEGORY HEATING SECTION TYPE CONDITION MINIMUM EFFICIENCY PROCEDURE’ 
Air conditioners, air Split system, three phase 13.0 SEER 
cooled <65 000 Btu/h? | All AHRI 210/240 
Single package, three phase 14 SEER 
Through the wall, air Split system, three phase 12.0 SEER 
cooled <30 000 Btu/h? All — AHRI 210/240 
Single package, three phase 12.0 SEER 
Small duct, high — = - 
velocity, air cooled <65 000 Btu/h? All Split system, three phase 11.0 SEER AHRI 210/240 
A rth ae air Electric resistance 11.2 EER 
ee Sai NOONE adknint (or none) 12.9 IEER 
<135 000 Btu/h aaee 11.0 EER 
12.7 IEER 
Electric resistance 11.0 EER 
>135 000 Btu/h and (or none) 12.4 IEER 
<240 000 Btu/h 10.8 EER 
All other 12.2 IEER 
: Split Nee and single : AHRI 340/360 
Electric resistance De ey 10.0 EER 
>240 000 Btu/h and (or none) 11.6 IEER 
<760 000 Btu/h sorpatiee 98EER 
11.4 IEER 
Electric resistance 9.7 EER 
(or none) 11.2 IEER 
>760 000 Btu/h 
9.5 EER 
plletnet 11.0 IEER 
' Air conditioners 
; 127 B ER 
water cooled <65 000 Btu/h All 12.3 IEER AHRI 210/240 
| 
Electric resistance 12.1 EER 
>65 000 Btu/h and (or none) 13.9 TEER 
<135 000 Btu/h ype 6% 11.9 EER 
13.7 IEER 
| Electric resistance 12.5 EER 
| >135 000 Btu/h and| (or none) 13.9 IEER 
<240 000 Btu/h ‘Alhoches Split system and single 12.3 EER 
package 13.7 IEER 
* ral i : AHRI 340/360 
Electric resistance 12.4 EER 
>240 000 Btu/h and (or none) 13.6 IEER 
<760 000 Btu/h ies. 12.2 EER 
13.4 IEER 
Electric resistance 12.2 EER 
(or none) 13. 5TEER 
>760 000 Btu/h = 
12.0 EER 
| All other 133 TEER 
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TABLE E 503.7.1(1) (continued) 


MINIMUM EFFICIENCY REQUIREMENTS 
[ASHRAE 90.1: TABLE 6.8.1-1] 


ELECTRICALLY OPERATED UNITARY AIR CONDITIONERS AND CONDENSING UNITS 


APPENDIX E 


SUBCATEGORY OR RATING TEST 
EQUIPMENT TYPE SIZE CATEGORY HEATING SECTION TYPE CONDITION MINIMUM EFFICIENCY PROCEDURE’ 
Air conditioners, aa : 
tively cooled <65 000 Btu/h? All ee AHRI 210/240 
miter) bab icas 12.3 IEER 
Electric resistance 12.1 EER 
>65 000 Btu/h and (or none) 12.3 IEER 
<135 000 Btu/h ow 11.9 EER 
12.1 IEER 
Electric resistance 12.0 EER 
>135 000 Btu/h and (or none) 12.2 IERR 
op eh Aitothice Split system and single is EER 
package 12.0 IEER 
: AHRI 340/360 | 
Electric resistance 11.9 EER | 
>240 000 Btu/h and (or none) 12.) IEER 
<760 000 Btu/h a 11.7 FER 
pay 11.9 IEER 
Electric resistance 11.7 EER 
(or none) 11.9 IEER 
>760 000 Btu/h 
11.5 EER 
All other 11.7 IEER 
Condensing units, air r 
: 10.5 EER 
cooled >135 000 Btu/h = — 11.8 IEER AHRI 365 
Condensing units ie 
i 13.5 EER 
water cooled >135 000 Btu/h = = 14.0 IEER AHRI 365 
oe ead Phocled 135 000 Btu/h 2 A Me EPR AHRI 365 
P ’ = 14.0 IEER , 


For SI units: 1000 British thermal units per hour = 0.293 kW 


Notes: 


' ASHRAE 90.1 contains a complete specification of the referenced test procedure, including the referenced year version of the test procedure. 
* Single-phase, air-cooled air conditioners less than 65 000 Btu/h (19 kW) are regulated by the U.S. Department of Energy Code of Federal Regulations 10 
CFR 430. SEER values for single-phase products are set by the U.S. Department of Energy. 
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TABLE E 503.7.1(2) 
ELECTRICALLY OPERATED UNITARY AND APPLIED HEAT PUMPS 
MINIMUM EFFICIENCY REQUIREMENTS 


[ASHRAE 90.1: TABLE 6.8.1-2] 


SUBCATEGORY OR RATING 


(heating mode) 


4 a 


TEST 
EQUIPMENT TYPE SIZE CATEGORY HEATING SECTION TYPE CONDITION MINIMUM EFFICIENCY PROCEDURE’ 
Air cooled (cooli eS 
RAG est te. Split system, three phase 14 SEER 
<65 000 Btu/h? All AHRI 210/240 
Single package, three phase 14 SEER 
Through the wall, air | we WP | 
cooled (cooling mode) Split system, three phase 12.0 SEER 
<30 000 Btu/h? All AHRI 210/240 
Single package, three phase 12.0 SEER 
Small duct, high ry | 
velocity, air cooled <65 000 Btu/h? All Split System, three phase 11.0 SEER AHRI 210/240 
Air cooled (cooling Electric resistance | 11.0 EER 
mode) >65 000 Btu/h and (or none) 12.2 IEER 
<135 000 Btu/h 10.8 EER 
All other 12.0 IEER 
Electric resistance 10.6 EER 
>135 000 Btu/h and (or none) Split system and single 11.6 IEER 
<240 000 Btu/h ioe package 10.4 EER AHRI 340/360 
pais | 11.4 IEER 
Electric resistance 9.5 EER 
10.6 IEER 
>240 000 Btwh penne) & 
All other me EER 
[ 10.4 IEER 
Water to air, water h 
loop (cooling mode) <17 000 Btu/ 12.2 EER 
217 000 Btu/h and S 
<65 000 Btu/h All 86°F entering water 13.0 EER ISO 13256-1 
>65 000 Btu/h and 
di <135 000 Btwh / ieee 
Water to air, ground- \ Ss : 
water (cooling mode) <135 000 Btu/h All 59°F entering water 18.0 EER ISO 13256-1 
Brine to air, ground ; . : . 
loop (cooling mode) <135 000 Btu/h All 77°F entering water 14.1 EER ISO 13256-1 
Water to water, water 5 ‘ 
loop (cooling mode) <135 000 Btu/h All 86°F entering water 10.6 EER ISO 13256-2 
Water to water, 
groundwater (cooling| <135 000 Btu/h All 59°F entering water 16.3 EER ISO 13256-2 
mode) 
Brine to water, 
ground loop (cooling | <135 000 Btu/h All 77°F entering water 12.1 EER ISO 13256-2 
mode) 
Air cooled (heating FT A sabi. wie eoiaeen 
nneia ) plit system, three phase : 
on Bah = AHRI 210/240 
ecole apse ity) Single package, three phase 8.0 HSPF 
Through the wall, air ’ : cen 
cooled (heating <30 000 Btu/h? Split system, three phase | 7.4 HSPF 
mode) eon “ a tes AHRI 210/240 
(POONER Couey) Single package, three phase | 7.4 HSPF 
Small duct high | 
velocity, air cooled <65 000 Btu/h2 = Split system, three phase 6.8 HSPF AHRI 210/240 
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TABLE E 503.7.1(2) (continued) 
ELECTRICALLY OPERATED UNITARY AND APPLIED HEAT PUMPS 


MINIMUM EFFICIENCY REQUIREMENTS 


[ASHRAE 90.1: TABLE 6.8.1-2] 


SUBCATEGORY OR RATING | 


EQUIPMENT TYPE SIZE CATEGORY HEATING SECTION TYPE CONDITION | MINIMUM EFFICIENCY | 
Air cooled (heating 4 . £~|- We ta ee | 
mode) >65 000 Btu/he and 47°F db/43°F wb outdoor air 22,.COPR 

<135 000 Btu/h aS Seat OUIS) )~ 
(cooling capacity) 17°F db/15°F wb outdoor air | 2.25 COPH 
>135 000 Btu/he 47°F db/43°F ie auudocs au im is 2 : ies : | 
i . 

SO a, 17°F db/15°F wb outdoor air, 2.05 COPY 
Water to air, water | <135000Btwh | BESS 5 {UO s Capitiney | 
loop (heating mode) | (cooling capacity) - 68 Peatepae sts tee 43 SOPH wrt 
Water to air, ground- | <]35 000 Btu/h 5 ‘ | 
water (heating mode) | (cooling capacity) — a : ace ware 4 a! Naale 4 | 
Brine to air, ground <135 000 Btu/h B . : | 
loop (heating mode) | (cooling capacity) % ee us ee ea iit - 
Water to water, water| <135 000 Btu/h 8 : 
loop (heating mode) | (cooling capacity) | 0 edad ok ue : re i? ca 7 
Water to water, <135 000 Btwh 
groundwater (heating i : — 50°F entering water 3.1 COPH 
mode) (cooling capacity) rae 
Brine to water, <135 000 Btwh | 
ground loop (heating 4 32°F entering fluid 2.5 COPY | 
mode) (cooling capacity) | 

= | 


For SI units: 1000 British thermal units per hour = 0.293 kW, °C = (°F-32)/1.8 


Notes: 


AHRI 340/360 | 


| ISO 13256-1 | 


APPENDIX E 


TEST | 
PROCEDURE’ 
5S. = — = Ses | 


ISO 13256-1 
ISO 13256-1 | 


ISO 13256-2 | 


ISO 13256-2. | 


ISO 13256-2 


' ASHRAE 90.1 contains a complete specification of the referenced test procedure, including the referenced year version of the test procedure. 
2 Single-phase, air-cooled heat pumps less than 65 000 Btu/h (19 kW) are regulated by the U.S. Department of Energy Code of Federal Regulations 10 CFR 
430. SEER and HSPF values for single-phase products are set by the U.S. Department of Energy. 


2022 CALIFORNIA MECHANICAL CODE 


409 


APPENDIX E 


TABLE E 503.7.1(3) 
WATER-CHILLING PACKAGES — MINIMUM EFFICIENCY REQUIREMENTS" 2° 
[ASHRAE 90.1: TABLE 6.8.1-3] 


TEST 
EQUIPMENT TYPE SIZE CATEGORY UNITS PATH A PATH B PROCEDURE? 
Air-cooled chillers >10.100 FL >9.700 FL 
<150 tons 
EER >13.700 IPLV.IP >15.800 JPLV.IP 
AHRI 550/590 
(Btu/Wh) >10.100 FL >9.700 FL 
>150 tons 
>14.000 JPLV.IP >16.100 JPLV.IP 
Air-cooled without cond ; : : : 
Siate: ROE he i sare EER Air-cooled chillers without condenser must be 
: All capacities (Btu/Wh) rated with matching condensers and comply | AHRI 550/590 
with air-cooled chiller efficiency requirements 
Water-cooled, electrically oper- <0.750 FL <0.780 FL 
iti i <75 tons 
pa aaa et <0.600 IPLV.IP <0.500 IPLV.IP 
>75 tons and <0.720 FL <0.750 FL 
<150 tons <0.560 JPLV.IP <0.490 JPLV.IP 
<0.660 FL <0.680 FL 
=} SO toms ag kW/ton = | AHRI 550/590 
<300 tons <0.540 IPLV.IP <0.440 IPLV.IP 
>300 tons and <0.610 FL <0.625 FL 
<600 tons <0.520 IPLV.IP <0.410 IPLV.IP 
<0.560 FL <0.585 FL 
>600 tons 
<0.500 JPLV.IP <0.380 JPLV.IP 
Water cooled, electrically oper- <0.610 FL <0.695 FL 
; <150 tons 
fie ones <0.550 IPLV.IP <0.440 IPLV.IP 
>150 tons and <0.610 FL <0.635 FL 
<300 tons <0.550 IPLV.IP <0.400 IPLV.IP 
<0.560 FL <0.595 FL 
a kWiton : AHRI 550/590 
<400 tons <0.520 JPLV.IP <0.390 JPLV.IP 
>400 tons and <0.560 FL <0.585 FL 
<600 tons <0.500 IPLV.IP <0.380 IPLV.IP 
<0.560 FL <0.585 FL 
>600 tons 
<0.500 JPLV.IP <0.380 JPLVIP 
Air-cooled absorption, single 
effect All capacities COP (W/W) 20.600 FL NA‘ AHRI 560 
Water-cooled absorption, single 
effect All capacities COP (W/W) 20.700 FL NA‘ AHRI 560 
Absorption double effect, indi- 4 >1.000 FL r 
All capacities COP (W/W = NA AHRI 560 
a J OY) 31.050 IPLVIP 
Absorption double effect, direct >1.000 FL =| 
fired All capacities COP (W/W) NA‘ AHRI 560 
>1.000 JPLV 


For SI units: 1 metric ton = 1000 kg, 1000 British thermal units per hour = 0.293 kW 


Notes: 


' The requirements for centrifugal chillers shall be adjusted for nonstandard rating conditions per Section E 503.4.1 and are only applicable for the range of 
conditions listed there. The requirements for air-cooled, water-cooled positive displacement and absorption chillers are at standard rating conditions defined 
in the reference test procedure. 

Both the full-load and JPLV.IP requirements must be met or exceeded to comply with this appendix. When there is a Path B, compliance can be with either 
Path A or Path B for any application. 

ASHRAE 90.1 contains a complete specification of the referenced test procedure, including the referenced year version of the test procedure. 

NA means the requirements are not applicable for Path B, and only Path A can be used for compliance. 

FL is the full-load performance requirements, and /PLV./P is for the part-load performance requirements. 


N 


nA > WwW 
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TABLE E 503.7.1(4) 


APPENDIX E 


ELECTRICALLY OPERATED PACKAGED TERMINAL AIR CONDITIONERS, PACKAGED TERMINAL HEAT PUMPS, 
SINGLE-PACKAGE VERTICAL AIR CONDITIONERS, SINGLE-PACKAGE VERTICAL HEAT PUMPS, ROOM AIR CONDITIONERS, 
AND ROOM AIR CONDITIONER HEAT PUMPS — MINIMUM EFFICIENCY REQUIREMENTS 
[ASHRAE 90.1: TABLE 6.8. 1-4] 


SUBCATEGORY OR RATING TEST 
EQUIPMENT TYPE SIZE CATEGORY (INPUT) eonoaiad MINIMUM EFFICIENCY PASCEDURE! 
13.8 — (0.300 x Cap/1000)? 
PTAC (cooling mode) ras ‘ : (before 1/1/2015) 
Standard cine All capacities 95°F db outdoor air : AHRI 310/ 380 
14.0 — (0.300 x Cap/1000) 
eae (as of 1/1/2015) 
PTAC (cooling mode) ¥. ‘ 
nonetandard size! All capacities 95°F db outdoor air 10.9 — (0.213 x Cap/1000) EER? | AHRI 310/380 
PTHP (cooling mode) All es oF db outd ; 3 
standard size capacities 95°F db outdoor air 14.0 — (0.300 x Cap/1000) AHRI 310/ 380 
PTHP (cooling mode) r : ; 
nonstandard size” All capacities 95°F db outdoor air 10.8 — (0.213 x Cap/1000) EER AHRI 310/380 
PTHP (heating mode) a 3 
standard bize All capacities - 3.7 — (0.052 x Cap/1000) COP}? ~| AHRI 310/380 
PTHP (heating mode) ie 
monetandard cee All capacities . 2.9 — (0.026 x Cap/1000) COP? | AHRI 310/380 
<65,000 Btu/h 10.0 EER 
>65 000 Btu/h and 10.0 EER 
SPVAC (cooling mode) <135 000 Btu/h 95°F db/75°F wb outdoor air ; AHRI 390 
>135 000 Btu/h and 
<240 000 Btu/h oo 
<65 000 Btu/h 10.0 EER 
>65 000 Btu/h and 10.0 EER 
SPVHP (cooling mode) <135 000 Btu/h 95°F db/75°F wb outdoor air AHRI 390 
>135 000 Btu/h and 
<240 000 Btu/h 10.0 FER : 
<65 000 Btu/h 3.0 COPH 
>65 000 Btu/h and 3.0 COP 
SPVHP (heating mode) <135 000 Btu/h 47°F db/43°F wb outdoor air H AHRI 390 
>135 000 Btu/h and 
<240 000 Btu/h BO SOT apne 
<6000 Btu/h 9.7 SEER 
>6000 Btu/h and 
<8000 Btu/h 2 Loker. 
Room air conditioners >8000 Btu/h and 
with louvered sides <14 000 Btu/h t 9.8 EER AHAM RAC-I 
>14 000 Btu/h and 
<20 000 Btu/h PAUP S 
>20 000 Btu/h 8.5 EER 
SPVAC (cooling <30 000 Btu/h 9.2 EER 
mode), nonweatherized $30 000 Btu/h and 95°F db/75°F wb outdoor air AHRI 390 
space constrained <36 000 Btu/h 9.0 EER 
SPVHP (cooling mode), <30 000 Btwh 9.2 EER 
nonweatherized space >30 000 Btu/h and | 95°F db/75°F wb outdoor air AHRI 390 
constrained <36 000 Btu/h 9.0 EER 
F + — — _ —_ 
SPVHP (heating mode), <30 000 Btu/h 3.0 COPH 
nonweatherized space <3 990 Btu/hand 47°F db/43°F wb outdoor air AHRI 390 
constrained <36 000 Btwh 3.0 COPH 
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TABLE E 503.7.1(4) (continued) . 
ELECTRICALLY OPERATED PACKAGED TERMINAL AIR CONDITIONERS, PACKAGED TERMINAL HEAT PUMPS, 
SINGLE-PACKAGE VERTICAL AIR CONDITIONERS, SINGLE-PACKAGE VERTICAL HEAT PUMPS, ROOM AIR CONDITIONERS, 
AND ROOM AIR CONDITIONER HEAT PUMPS — MINIMUM EFFICIENCY REQUIREMENTS 
[ASHRAE 90.1: TABLE 6.8.1-4] 


EQUIPMENT TYPE SIZE CATEGORY (INPUT) oot Onna seat MINIMUM EFFICIENCY i a 
Peete 7 ~ <8000 Btu/h ree 9.0 EER a4 
Room air conditioners | — >8000 Bihan . ; 
without louvered sides <20 000 Btu/h . iden uate as 

; a oahY 2) 220 000 Btu/h _ i ; a d 8.5 EER 
Room air conditioner <20 000 Btu/h 9.0 EER 
heat pumps with lou- + ——— - — AHAM RAC-1 
vered sides >20 000 Btu/h 8.5 EER 
Room air conditioner <14 000 Btu/h | 8.5 EER 
heat pumps without lou- |~ — AHAM RAC-1 
vered sides >14 000 Btu/h 8.0 EER 
R diti f a | 
ioe eapiaiccut ae! All capacities zs 8.7 EER AHAM RAC-1 
casement only ; ‘ 
R diti , * 

oom air con itioner Nil ehacities ce 9.5 EER AHAM RAC-1 

casement slider 


For SI units: 1000 British thermal units per hour = 0.293 kW, °C = (°F-32)/1.8 

Notes: 

' ASHRAE 90.1 contains a complete specification of the referenced test procedure, including the referenced year version of the test procedure. 

* Nonstandard size units must be factory labeled as follows: “MANUFACTURED FOR NONSTANDARD SIZE APPLICATIONS ONLY; NOT TO BE 
INSTALLED IN NEW STANDARD PROJECTS.” Nonstandard size efficiencies apply only to units being installed in existing sleeves having an external wall 
opening of less than 16 inch (406 mm) high or less than 42 inch (1067 mm) wide and having a cross-sectional area less than 670 square inches (0.432 m”). 

3 “Cap” means the rated cooling capacity of the product in Btu/h (kW). If the unit’s capacity is less than 7000 Btu/h (2.05 kW), use 7000 Btu/h (2.05 kW) in a 
the calculation. Where the unit’s capacity is more than 15 000 Btu/h (4.4 kW), use 15 000 Btu/h (4.4 kW) in the calculation. 


TABLE E 503.7.1(5) 
WARM-AIR FURNACES AND COMBINATION WARM-AIR FURNACES/AIR-CONDITIONING UNITS, 
WARN-AIR DUCT FURNACES, AND UNIT HEATERS — MINIMUM EFFICIENCY REQUIREMENTS 
[ASHRAE 90.1: TABLE 6.8.1-5] 


ier ne SIZE CATEGORY | SUBCATEGORY OR MINIMUM : 
Ami NU (INPUT) RATING CONDITION | EFFICIENCY TEST PROCEDURE 
78% AFUE or DOE 10 CFR Part 430 or Section 2.39, 
(Piisisita stds noah Oe 3) 80% EP4 Thermal Efficiency, CSA Z21.47 
Warm-air furnace, gas fired Maximum capacity wae Ys ; 
>225 000 Btu/h | 80% Ey Section 2.39, Thermal Efficiency, CSA Z21.47 
| 78% AFUE or DOE 10 CFR Part 430 or Section 42, 
. . fa . 3 80% AM Combustion, UL 727 
| Warm-air furnace, oil fired ____ Maximum capacity” | t Be a 
| >225 000 Btu/h 81% E; Section 42, Combustion, UL 727 
— _- - +4 - —}——— — - + 
| Warm-air duct furnaces, gas fired) All capacities | Maximum capacity” 80% E a Section 2.10, Efficiency, CSA Z83.8 
'Warm-air unit heaters, gas fired | All capacities | Maximum capacity>| 80% E ie 6 Section 2.10, Efficiency, CSA Z83.8 
Warm-air unit heaters, oil fired | All capacities Maximum capacity? 80% E a md Section 40, Combustion, UL 731 


For SI units: 1000 British thermal units per hour = 0.293 kW 
Notes: 

' ASHRAE 90.1 contains a complete specification of the referenced test procedure, including the referenced year version of the test procedure. 
Combination units not covered by the U.S. Department of Energy Code of Federal Regulations 10 CFR 430 [three-phase power or cooling capacity greater 
than or equal to 65 000 Btu/h (19 kW)]| may comply with either rating. 

Compliance of multiple firing rate units shall be at the maximum firing rate. 

Et= thermal efficiency. Units must also include an interrupted or intermittent ignition device (IID), have jacket losses not exceeding 0.75 percent of the input 
rating, and have either power venting or a flue damper. A vent damper is an acceptable alternative to a flue damper for those furnaces where combustion air 
is drawn from the conditioned space. 

Ec = combustion efficiency (100 percent less flue losses). See test procedure for detailed discussion. 

As of August 8, 2008, according to the Energy Policy Act of 2005, units must also include an interrupted or intermittent ignition device (IID) and have either 
power venting or an automatic flue damper. 
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TABLE E 503.7.1(6) 
GAS- AND OIL-FIRED BOILERS — MINIMUM EFFICIENCY REQUIREMENTS? 2 
[ASHRAE 90.1: TABLE 6.8.1-6] 


EQUIPMENT TYPE’ 


SUBCATEGORY OR 


SIZE CATEGORY 


APPENDIX E 


EFFICIENCY AS OF 


TEST PROCEDURE 


RATING CONDITION (INPUT) oe tee eo SOO20- oe ce : 
Borlers; nov water <300 000 Btu/h® 82% AFUE 82% AFUE | _‘10 CFR Part 430 
Gas fired >300 000 Btu/h and 80% E 80% E 
tos <2 500 000 Btu/h* ng, tae! *otre port 10 CFR Part 431 
>2 500 000 Btu/h! 82% Ec PAE tne Rais 
<300 000 Btw/h’ 84% AFUE 84% AFUE 10 CFR Part 430 
ie Se >300 000 Btu/h and ae ae 
ead <2 500 000 Btwh4 ct oes 10 CFR Part 431 
>2 500 000 Btu/h! 84% Ec 84% Eo os 9 unis! 
Boilers, steam Gas fired <300 000 Btu/h® 80% AFUE 80% AFUE 10 CFR Part 430 
>300 000 Btu/h and : ’ 
| Gas fired— all, <2 500 000 Btu/h4 79% Et 719% Ey | 
except natural draft |—— 
>2 500 000 Btu/h 79% Et ’ 79% Ey Gh Anka or sitio 
>300 000 Btu/h and ' : . 
Gas fired— natural <2 500 000 Btu/h4 77% Et 79% Ey 
draft = SS SS SS 
>2 500 000 Btu/h! 77% Ey 79% Ey 
<300 000 Btu/h 82% AFUE 82% AFUE 10 CFR Part 430 
! >300 000 Btu/h and 4 ‘ 
Ril Sted <2 500 000 Btu/h* py ee ti 10 CEFR Part 431 
>2 500 000 Btu/h! 81% E; 81% Ey 


For SI units: 1000 British thermal units per hour = 0.293 kW 


Notes: 
1 


mum efficiency requirements for boilers cover all capacities of packaged boilers. 


YN HD nA Ff WN 


Ec = combustion efficiency (100 percent less flue losses). See reference document for detailed information. 
Et = thermal efficiency. See reference document for detailed information. 
Maximum capacity—minimum and maximum ratings as provided for and allowed by the unit’s controls. 
Includes oil-fired (residual). 
Boilers shall not be equipped with a constant burning pilot light. 
A boiler not equipped with a tankless domestic water-heating coil shall be equipped with an automatic means for adjusting the temperature of the water such 


These requirements apply to boilers with rated input of 8 000 000 Btu/h (2343 kW) or less that are not packaged boilers and to all packaged boilers. Mini- 


that an incremental change in inferred heat load produces a corresponding incremental change in the temperature of the water supplied. 
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TABLE E 503.7.1(7) 
PERFORMANCE REQUIREMENTS FOR HEAT REJECTION EQUIPMENT 
MINIMUM EFFICIENCY REQUIREMENTS 
[ASHRAE 90.1: TABLE 6.8.1-7] 


TOTAL SYSTEM HEAT- 
EQUIPMENT TYPE REJECTION CAPACITY = ermine ahs Heh edie TEST PROCEDURE*® 
ore AT RATED CONDITIONS as 
Propeller or axial fan open- 95°F entering water 
circuit cooling towers All 85°F leaving water >40.2 gpm/hp eae at 
75°F entering wb 
Centrifugal fan open-circuit 95°F entering water CTI ATC-105 and 
cooling towers All 85°F leaving water >20.0 gpm/hp  CTISTD-201 RS 
75°F entering wb | | 
Propeller or axial fan closed- 102°F entering water 
circuit cooling towers All 90°F leaving water >16.1 gpm/hp ey ae ; a 
75°F entering wb 
Centrifugal closed- circuit 102°F entering water CTI ATC-105S and 
cooling towers All 90°F leaving water >7.0 gpm/hp CTI STD-201 RS 
75°F entering wb 
Propeller or axial fan evapo- R-507A test fluid 
rative condensers All 165°F entering gas temperature >157 000 Btw/h-hp CTI ATC-106 
105°F condensing temperature 
75°F entering wb 
Propeller or axial fan evapo- Ammonia test fluid | 
rative condensers All 140°F entering gas temperature >134 000 Btu/h-hp CTI ATC-106 
96.3°F condensing temperature 
75°F entering wb 
Centrifugal fan evaporative R-507A test fluid 
condensers All 165°F entering gas temperature >135 000 Btu/h-hp CTI ATC-106 
105°F condensing temperature 
75°F entering wb 
Centrifugal fan evaporative Ammonia test fluid 
condensers All 140 : entering gas temperature >110 000 Btu/h-hp CTI ATC-106 
96.3°F condensing temperature 
75°F entering wb 
Air cooled condensers 125°F condensing temperature 
All 190°F entering gas temperature 5176 000 Btu/h-hp AHRI 460 


15°F subcooling 
95°F entering db t 


For SI units: °C = (°F-32)/1.8, 1 gallon per minute per horsepower = 0.085 [(L/s)/kW], 1000 British thermal units per hour = 0.293 kW, | horsepower = 0.746 kW 
Notes: 

' For purposes of this table, open-circuit cooling tower performance is defined as the water flow rating of the tower at the thermal rating condition listed in 
Table E 503.7.1(7) divided by the fan motor nameplate power. 

For purposes of this table, closed-circuit cooling tower performance is defined as the process water flow rating of the tower at the thermal rating condition 
listed in Table E 503.7.1(7) divided by the sum of the fan motor nameplate power and the integral spray pump motor nameplate power. 

For purposes of this table, air-cooled condenser performance is defined as the heat rejected from the refrigerant divided by the fan motor nameplate power. 
ASHRAE 90.1 contains a complete specification of the referenced test procedure, including the referenced year version of the test procedure. 

The efficiencies and test procedures for both open- and closed-circuit cooling towers are not applicable to hybrid cooling towers that contain a combination 
of separate wet and dry heat exchange sections. The certification requirements do not apply to field-erected cooling towers. 

All cooling towers shall comply with the minimum efficiency listed in the table for that specific type of tower with the capacity effect of any project-spe- 
cific accessories and/or options included in the capacity of the cooling tower. 

For purposes of this table, evaporative condenser performance is defined as the heat rejected at the specified rating condition in the table, divided by the sum 
of the fan motor nameplate power and the integral spray pump nameplate power. 

Requirements for evaporative condensers are listed with ammonia (R-717) and R-507A as test fluids in the table. Evaporative condensers intended for use 
with halocarbon refrigerants other than R-507A must meet the minimum efficiency requirements listed above with R-507A as the test fluid. 
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& | TABLE E 503.7.1(8) 
HEAT TRANSFER EQUIPMENT — MINIMUM EFFICIENCY REQUIREMENTS 
[ASHRAE 90.1: TABLE 6.8.1-8] 
EQUIPMENT TYPE SUBCATEGORY MINIMUM EFFICIENCY* | ____ TEST PROCEDURE? 
Liquid-to-liquid heat exchangers Plate type Nie 
Notes: 
' NR =No Requirement 


Ea 


RGSS Se AHRTAOU ABU IOS | 


2 ASHRAE 90.1 contains a complete specification of the referenced test procedure, including the referenced year version of the test procedure. 


TABLE E 503.7.1(9) 
ELECTRICALLY OPERATED VARIABLE-REFRIGERANT-FLOW AIR CONDITIONERS — MINIMUM EFFICIENCY REQUIREMENTS 
[ASHRAE 90.1: TABLE 6.8.1-9] 


EQUIPMENT TYPE SIZE CATEGORY cee eee tae 5 acai sie sea RATING | wiNIMUM EFFICIENCY TEST PROCEDURE | 
Sem condition spas, Oo Bt All VRF multisplit system 13.0 SEER 
air cooled . ee re ari. aa 
(eA BBR | 
: é 13.1 IEER 
S 
a SAAN vitae Ae VRF multisplit system | (before 1/1/2017) 
15.5 IEER 
(as of 1/1/2017) 
11.0 EER 
| 2 
>135 000 Btu/h and | Electric resistance Vin Hauldepliteystem (pe he. Tear | AHRI 1230 | 
<240 000 Btu/h (or none) 14.9 IBER 
é (as of 1/1/2017) 
10.0 EER 
Electric resistance Uh lor | 
>240 000 Btu/h aoe < VRF multisplit system (before 1/1/2017) 
hates 13.9 IEER 
(as of 1/1/2017) 


For SI units: 1000 British thermal units per hour = 0.293 kW | 34 7 7a’ 
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TABLE E 503.7.1(10) 
ELECTRICALLY OPERATED VARIABLE-REFRIGERANT-FLOW AND APPLIED 
HEAT PUMPS — MINIMUM EFFICIENCY REQUIREMENTS 
[ASHRAE 90.1: TABLE 6.8.1-10] 


“EQUIPMENTTYPE  SIZECATEGORY | MEATING SECTION Sin BOM Bthiog MINIMUM EFFICIENCY | TEST PROCEDURE 
alenped “igs <65 000 Btu/h All 13.0 SEER - 
(cooling mode) 2 

11.0 EER 
VRF multisplit system 12.9 IEER : 
(before 1/1/2017) 
14.6 IEER 
>65 000 Btu/h and (as of 1/1/2017) 
<135 000 Btu/h 10.8 EER 
ae 12.7 IEER 
VRF multisplit system with heat (before 1/1/2017) 
ra, 14.4 IEER 
(as of 1/1/2017) 
10.6 EER 
12.3 IEER 
VRF multisplit system (before 1/1/2017) 
13.9 IEER AHRI 1230 
>135 000 Btwh and | Electric resist- (as of 1/1/2017) 
<240 000 Btu/h ance (or none) 10.4 EER 
Poe 12.1 IEER 
VRF multisplit system with heat (before 1/1/2017) 
coal ob 13.7 IEER 
(as of 1/1/2017) 
9.5 EER 
11.0 IEER 
VRF multisplit system (before 1/1/2017) 
12.7 IEER 
(as of 1/1/2017) 
>240 000 Btu/h 
9.3 EER 
oe 10.8 IEER 
VRF multisplit system with heat (before 1/1/2017) 
aires 12.5 IEER 
(as of 1/1/2017) 
VRF water VRF multisplit systems 86°F 12.0 EER 
source 16.0 IEER 
: entering water (as of 1/1/2018) 
(cooling mode) <65 000 Btu/h 
VRF multisplit systems with heat ie a ee 
recovery 86°F entering water (as ef 1/1/2018) 
conti ° 12.0 EER 
VRF jpeirii aoe 86°F 16.0 IEER 
>65 000 Btu/h and anata (as of 1/1/2018) 
» Oethenehe ete VRF multisplit system with heat i g es 
recovery 86°F entering water (as of 1/1 /2018) 
All VRF multisplit system 86°F tO aera AHRI 1230 
>135 000 Btu/h and siasaiesaad ate (as of 1/1/2018) 
wes sasiniahiaabean VRF multisplit system with heat ee oo 
recovery 86°F entering water (as of 1/1/201 8) 
Be 10.0 EER 
VRF multisplit system 86°F (before 1/1/2018) 
entering water 12.0 IEER 
(as of 1/1/2018) 
>240 000 Btu/h 
aa ; 9.8 EER 
VRF multisplit system with heat | (before 1/1/2018) 
recovery 86°F entering water 11.8 IEER 
(as of 1/1/2018) 
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TABLE E 503.7.1(10) (continued) 
ELECTRICALLY OPERATED VARIABLE-REFRIGERANT-FLOW AND APPLIED 
HEAT PUMPS — MINIMUM EFFICIENCY REQUIREMENTS 
[ASHRAE 90.1: TABLE 6.8.1-10] 


APPENDIX E 


EQUIPMENTTYPE SIZECATEGORY =— EATING SECTION SSAct oncincn MINIMUM EFFICIENCY | TEST PROCEDURE 
ie. groundwa- VRF multisplit system with heat 16.2 EER 
er source recovery 59°F entering water 
(cooling mode) <135 000 Btw/h 
VRF eueaes system with heat 16.0 EER 
recovery 59°F entering water 
All ae AHRI 1230 
VRF emiese lt system with heat 13.8 EER 
recovery 59°F entering water 
>135 000 Btu/h r 
VRF eee a system with heat 13.6 EER 
recovery 59°F entering water 
VRF ground VRF multisplit system 77°F enter- 
source : 13.4 EER 
: ing water 
(cooling mode) <135 000 Btu/h a 
VRF Uleepi system with heat 13.2 EER 
recovery 77°F entering water 
All AHRI 1230 
hea i 
VRF multisplit system 77°F enter 11.0 EER 
ing water 
>135 000 Btu/h ee | 
VRF multisplit system with heat 10.8 EER 
recovery 77°F entering water 
VRF Air cooled <65 000 Btu/h | ee: 
(heating mode) (cooling capacity) — VRF Multi-split system 7.7 HSPF 
>65 000 Btu/h and VRF Multi-split system 47°F 33COP 
<135 000 Btuhh ae db/43°F wb outdoor air H 
(cooling capacity) 17°F db/15°F wb outdoor air 2.25 COPy AHRI 1230 
VRF Multi-split system 47°F 
ae 5 000 Btw/h ia. db/43°F wb outdoor air cei 
See SEpeely) 17°F db/15°F wb outdoor air 2.05 COPy 
VRF Water 4.2 COPy 
source <65 000 Btu/h sy VRF multisplit system (before 1/1/2018) 
(heating mode) (cooling capacity) 68°F entering water 4.3 COP 
7. : y (as of 1/1/2018) 
4.2 COPy 
> 
= 02/000 Binh and VRF multisplit system (before 1/1/2018) 
<135 000 Btu/h i x 
coc ling cance) 68°F entering water 4.3 COPY AHRI 1230 
eee he eRe Ps) (as of 1/1/2018) 
3.9 COPY 
ets >c00 Bauiend VRF multisplit system (before 1/1/2018) 
<240 000 Btu/h — 3 : 
(cooliaaenaeiy) 68°F entering water 4.0 COP} 
COO RCnY, (as of 1/1/2018) 
=240 000 Btu/h VRF multisplit system 
(cooling capacity) ne 68°F entering water Sg ee 
VRF Groundwa- | <135 000 Btu/h VRF Multi-split system 50°F | 
ter source (cooling capacity) aa entering water 3.6 COP 
(heating mode) — AHRI 1230 
2>135 000 Btu/h VRF Multi-split system 50°F 
; } -= 3.3 COP 
(cooling capacity) entering water | 7 ¥ 
VRE Ground <135 000 Btu/h VRF Multi-split system 32°F 3.1 COPy 
“ewe cooling capaci > entering water ; 
(heating mode) ( Sas nee - : - AHRI 1230 
>135 000 Btu/h VRF Multi-split system 32°F 
: 5 — : 2.8 COP} 
(cooling capacity) ia entering water ? 4 Ee oe tg | 
For SI units: 1000 British thermal units per hour = 0.293 kW, °C=(°F-32)/1.8 
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TABLE E 503.7.1(11) 
AIR CONDITIONERS AND CONDENSING UNITS SERVING COMPUTER ROOMS 
MINIMUM EFFICIENCY REQUIREMENTS 
[ASHRAE 90.1: TABLE 6.8.1-11] 


MINIMUM NET SENSIBLE COP, 
RETURN AIR DRY-BULB TEMPERATURE/ 
EQUIPMENT NET SENSIBLE COOL- 

TYPE ING CAPACITY STANDARD MODEL DEW-POINT TEMPERATURE TEST PROCEDURE 
CLASS 1 CLASS 2 CLASS 3 
75°F/52°F 85°F/52°F 95°F/52°F 

Air cooled Downflow unit 2.30 
Upflow unit—ducted ZA0 
<65 000 Btu/h en RE ic 
Upflow unit—nonducted 2.09 
Horizontal-flow unit 2.45 
Downflow unit 2.20 | 
>65 000 Btu/h and _ Uptlow unit—ducted 2.05 ian en 
| <240.000 Btu/h Upflow unit—nonducted 1.99 
Horizontal-flow unit 2.35 
Downflow unit 2.00 
Upflow unit—ducted 1.85 
>240 000 Btu/h 
Upflow unit—nonducted 1.79 
Horizontal-flow unit pa ie) 
Water cooled Downflow unit 2.50 
Upflow unit—ducted 2.30 
<65 000 Btu/h _ 
Upflow unit—nonducted Pago) 
Horizontal-flow unit 2.70 
Downflow unit 2.40 
>65 000 Btu/h and Upflow unit—ducted 2.20 Fert ier 
<240 000 Btu/h Upflow unit—nonducted 2.15 
Horizontal-flow unit 2.60 
Downflow unit 2:25 
Upflow unit—ducted 2.10 
>240 000 Btu/h ‘ 
Upflow unit—nonducted 2.05 
Horizontal-flow unit 2.45 
Water cooled with | Downflow unit 2.45 
fluid economizer fi Tie oe 3 
Upflow unit—ducted e2o 
<65 000 Btu/h 
Upflow unit—nonducted 2.20 | 
Horizontal-flow unit 2.60 
Downflow unit 2.35 
>65 000 Btu/h and Upflow unit—ducted ye | mpLieeo 
<240 000 Btu/h Upflow unit—nonducted 2.10 
Horizontal-flow unit his) 
Downflow unit 2.20 
Upflow unit—ducted 20S 
>240 000 Btu/h Sas 
Upflow unit—nonducted 2.00 
Horizontal-flow unit 2.40 
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TABLE E 503.7.1(11) (continued) 
AIR CONDITIONERS AND CONDENSING UNITS SERVING COMPUTER ROOMS 
MINIMUM EFFICIENCY REQUIREMENTS 

[ASHRAE 90.1: TABLE 6.8.1-11] 
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MINIMUM NET SENSIBLE COP, - 
RETURN AIR DRY-BULB TEMPERATURE/ | 
EQUIPMENT TYPE NET SENSIBEE Ole STANDARD MODEL __DEW-POINTTEMPERATURE | TEST PROCEDURE 
CLASS 1 CLASS 2 CLASS3 _ 
75°F/52°F 85°F/52°F 95°F/52°F 
|Glycol cooled Downflow unit cow 1) 
Upflow unit—ducted 210 
<65 000 Btu/h 
Upflow unit—nonducted 2.00 | 
Horizontal-flow unit 2.40 | | 
Downflow unit 2.05 
> Upflow unit—ducted 1.85 | 
>65 000 Btu/h and | ” é | AHRI 1360 
<240 000 Btu/h Upflow unit—nonducted 1.85 
Horizontal-flow unit ps || 
Downflow unit 195 
Upflow unit—ducted 1.80 
>240 000 Btu/h 
Upflow unit—nonducted 1.75 
Horizontal-flow unit 2.10 
_ Glycol cooled with | Downflow unit | 225 
fluid economizer 
Upflow unit—ducted 2.10 
<65 000 Btu/h 
Upflow unit—nonducted 2.00 
Horizontal-flow unit 233 
Downflow unit 105 
> Upflow unit—ducted 1.80 
>65 000 Btu/h and : ABRI 1360 
<240 000 Btu/h Upflow unit—nonducted Ler 
Horizontal-flow unit 2.10 
Downflow unit 1.90 
Upflow unit—ducted 1.80 
>240 000 Btu/h — ora i 
Upflow unit—nonducted 1.70 
Horizontal-flow unit 2.10 
For SI units: 1000 British thermal units per hour = 0.293 kW, °C=(°F-32)/1.8 
TABLE E 503.7.1(12) 
COMMERCIAL REFRIGERATOR AND FREEZERS — MINIMUM EFFICIENCY REQUIREMENTS 
[ASHRAE 90.1: TABLE 6.8.1-12] 

EQUIPMENT TYPE APPLICATION ENERGY USE LIMITS, KWH/DAY* ‘TEST PROCEDURE : 
Refrigerator with solid doors Holding temperature 0.10 x V+2.04 AHRI 1200 
Refrigerator with transparent doors Holding temperature 0,12 x V+3.34 “ _ AHRI 1200 gf 
Freezers with solid doors (a Holding temperature 0.40 x V+ 1.38 : _ AHRI 1200 | | 
Freezers with transparent doors Holding temperature 0.75 x V+ 4.10 AHRI 1200 
Refrigerators/freezers with solid doors Holding temperature the greater of 0.12 x V + 3.34 or 0.70 y AHRI1200 > 
Commercial refrigerators Pulldown O26 x + 35] __ AHRI 1200 | 4 
For SI units: 1000 British thermal units per hour per day = 0.293 kW/day 
* VY = the chiller or frozen compartment volume (ft*) as defined in Association of Home Appliance Manufacturers. 
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TABLE E 503.7.1(13) 
COMMERCIAL REFRIGERATION — MINIMUM EFFICIENCY REQUIREMENTS 
[ASHRAE 90.1: TABLE 6.8.1-13] 


ENERGY USE 


EQUIPMENT TYPE TEST 
H ateas iti LIMITS** PROCEDURE 
EQUIPMENT CLASS FAMILY CODE OPERATING MODE RATING TEMPERATURE KWH/DAY 

VOP.RC.M Vertical open __| Remote condensing | Medium temperature 0.82 x TDA + 4.07 | AHRI 1200 
SVO.RC.M Semivertical open Remote condensing | Medium temperature | 0.83 x TDA +3.18 | AHRI 1200 
HZO.RC.M Horizontal open Remote condensing | Medium temperature | 0.35 x TDA + 2.88 | AHRI 1200 
VOP.RC.L ___ Vertical open Remote condensing | Low temperature 2.27 x TDA + 6.85 | AHRI 1200 
HZO.RC.L Horizontal open Remote condensing Low temperature 0.57 x TDA + 6.88 | AHRI 1200 
VCT.RC.M Vertical transparent door | Remote condensing | Medium temperature | 0.22 x TDA+1.95 | AHRI 1200 
VCT.RC.L Vertical transparent door | Remote condensing Low temperature = 0.56 x TDA +2.61 | AHRI 1200 
SOC.RC.M | Service over counter Remote condensing | Medium temperature | 0.51 x TDA +0.11 | AHRI 1200 

| VOP.SC.M Vertical open Self contained Medium temperature | 1.74 x TDA +4.71 | AHRI 1200 
SVO.SC.M | Semivertical open ___ Self contained Medium temperature | 1.73 x TDA +4.59 | AHRI 1200 
HZO.SC.M | Horizontal open Self contained Medium temperature | 0.77 x TDA +5.55 | AHRI 1200 
HZO.SC.L Horizontal open Self contained Low temperature | 1.92 x TDA+7.08 | AHRI 1200 
VCT.SC.I | Vertical transparent door Self contained Ice cream 0.67 x TDA + 3.29 | AHRI 1200 
VCS.SC.I Vertical solid door Self contained Icecream  —s_|_—*0.38 V+ 0.88 | AHRI 1200 
HCT.SC.I Horizontal transparent door Self contained Ice cream | 0.56 x TDA +0.43 | AHRI 1200 
SVO.RC.L Semivertical open Remote condensing Low temperature | 2.27 x TDA +6.85 | AHRI 1200 
VOP.RC.I Vertical open | Remote condensing Ice cream 2.89 x TDA + 8.7 AHRI 1200 
SVO.RC.I Semivertical open Remote condensing —_Icecream —s|_- 2.89 TDA+8.7 | AHRI1200 
HZO.RC.I Horizontal open Remote condensing Ice cream | 0.72 x TDA +8.74 | AHRI 1200 
VCT.RC.I Vertical transparent door | Remote condensing Icecream 0.66 x TDA + 3.05 | AHRI 1200 
HCT.RC.M Horizontal transparent door | Remote condensing | Medium temperature | 0.16 x TDA+0.13 | AHRI 1200 
HCT.RC.L Horizontal transparent door | Remote condensing Low temperature 0.34 x TDA +0.26 | AHRI 1200 
HCT.RC.I Horizontal transparent door | Remote condensing Ice cream 0.4 x TDA + 0.31 AHRI 1200 
VCS.RC.M Vertical solid door Remote condensing | Medium temperature 0.11 x V+0.26 AHRI 1200 
VCS.RC.L Vertical solid door Remote condensing Low temperature 0.23 x V+ 0.54 AHRI 1200 
VCS-RCI Vertical solid door Remote condensing Icecream 0.27 x V+ 0.63 AHRI 1200 
HCS.RC.M Horizontal solid door Remote condensing | Medium temperature 0.11 x V+ 0.26 AHRI 1200 
HCS.RC.L _ Horizontal solid door Remote condensing Low temperature 0.23 x V+ 0.54 AHRI 1200 
HCS.RC.I Horizontal solid door | Remote condensing Icecream O27 x V+ 63 AHRI 1200 
HCS.RC.I Horizontal solid door _| Remote condensing | Ice cream 0.27 x V+ 0163 AHRI 1200 
SOC.RC.L Service over counter Remote condensing Low temperature | 1.08 x TDA+0.22 | AHRI 1200 
SOC.RC.I Service over counter Remote condensing | Ice cream 1.26 x TDA +0.26 | AHRI 1200 
VOP.SC.L Vertical open Self contained Low temperature 4.37 x TDA + 11.82} AHRI 1200 
VOP.SC.I Vertical open Self contained Ice cream 5.55 x TDA + 15.02| AHRI 1200 
SVO.SC.L Semivertical open Self contained Low temperature | 4.34 x TDA + 11.51; AHRI 1200 
SVO.SCI_ | _Semivertical open Self contained | Icecream (| 5.52 x TDA + 14.63, AHRI 1200 _ 
HZO.SC.I Horizontal open Self contained Ice cream | 2.44 x TDA + 9.0 AHRI 1200 
SOC.SC.I Service over counter Self contained Ice cream 1.76 x TDA + 0.36 | AHRI 1200 
HCS.SC.I Horizontal solid door Self contained Ice cream 0.38 x V+ 0.88 AHRI 1200 


For SI units: 1000 British thermal units per hour per day = 0.293 kW/day, °C = (°F-32)/1.8 
Notes: 
' Equipment class designations consist of a combination [in sequential order separated by periods (AAA).(BB).(C)] of the following: 
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VCS = vertical solid doors, HCT = horizontal transparent doors, HCS = horizontal solid doors, and SOC = service over counter). 


(b) (BB)—An operating mode code (RC = remote condensing and SC = self contained). 
(c) (C)}—A rating temperature code (M = medium temperature [38°F], L = low temperature [0°F], or I = ice cream temperature [15°F]). For example, 


“VOP.RC.M” refers to the “vertical open, remote condensing, medium temperature” equipment class. 
2 Vis the volume of the case (ft) as measured in accordance with AHRI 1200. 
3 TDA is the total display area of the case (ft) as measured in accordance with AHRI 1200. 
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(a) (AAA)—An equipment family code (VOP = vertical open, SVO = semivertical open, HZO = horizontal open, VCT = vertical transparent doors, 
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TABLE E 503.7.1(14) 
VAPOR COMPRESSION BASED INDOOR POOL DEHUMIDIFIERS — MINIMUM EFFICIENCY REQUIREMENTS 
[ASHRAE 90.1: TABLE 6.8.1-14] 


EQUIPMENT TYPE SUBCATEGORY OR RATING CONDITION MINIMUM EFFICIENCY i TEST PROCEDURE 

Single package indoor 3.5 MRE 

(with or without economizer) 

Single package indoor water-cooled | 

(with or without economizer) : else 
i : : Rating Conditions: A, B, or C ah + 2. Seen ied aa AHRI 910 
Single package indoor air-cooled | 

; : ; 3.5 MRE 

(with or without economizer) | 

Split system indoor air-cooled 3.5 MRE | 

(with or without economizer) 


* Units without air-cooled condenser 


TABLE E 503.7.1(15) 
ELECTRICALLY OPERATED DX-DOAS UNITS, SINGLE-PACKAGE AND REMOTE CONDENSER, 
WITHOUT ENERGY RECOVERY - MINIMUM EFFICIENCY REQUIREMENTS 
[ASHRAE 90.1: TABLE 6.8.1-15] 


EQUIPMENT TYPE SUBCATEGORY OR CONDITION MINIMUM EFFICIENCY | TEST PROCEDURE 

Air cooled Be ot Ra poiniogt * aay 

(dehumidification mode) | a . 2 Shad ed 24) 

Air source heat pumps + yawn tute ht ares 

(dehumidification mode) a | ¥ ee ae | oe spe 

Water cooled Cooling tower condenser water VOMASISMRES Not preteen 

(dehumidification mode) Chilled Water 6.0 ISMRE | i x be 

Air source heat pump 

Water source heat pump Ground source, closed loop 29WABISMRE | 

(dehumidification mode) Ground-water source POOLS OISMEE.. | 4 AHRI 920 
Water source yy G4OISMRE yy, | | mis tier} 

Water source heat pump Ground source, closed loop Hirt 2 OuSCOR trait ts 

(heating mode) Ground-water source OME TISZ IS CORA 4 AHRI 920 
Water source WeBSdSCOP i vie i 


TABLE E 503.7.1(16) 
ELECTRICALLY OPERATED DX-DOAS UNITS, SINGLE PACKAGE AND REMOTE CONDENSER, 
WITH ENERGY RECOVERY - MINIMUM EFFICIENCY REQUIREMENTS 
[ASHRAE 90.1: TABLE 6.8.1-16] 


EQUIPMENT TYPE SUBCATEGORY OR RATING CONDITION, MINIMUMEFFICIENCY |= TESTPROCEDURE © 
Rion. ee ee Dosti eee hd: aiqeen AY ae 
(dehumidification mode) : fk oe einiicae o teccaiieilbde sis ase toler 
Air source heat pumps x 
(dehumidification mode) ; plein ebsis tak a Tasch apaalihi-bbtaaioan— oF 
Water cooled Cooling tower condenser water h ASS SMIRE > arveetia F AHRI920 
(dehumidification mode) Chilled Water _ Seok eee 
i Po De oD zs 3.3 ISCOP __ AHRI920 
(heating mode) | ' re } Hi tesite alt 8 Rat 
Water source heat pump Ground source, closed loop 5.2 ISMRE 
(dehumidification mode) Ground-water source | SB ISMRE- AHRI 920 
Water source ___ 4.8 ISMRE — niet d 
Water source heat pump Ground source, closed loop 38 ISCOP, oe ed 
(heating mode) Ground-water source eI SU ate meee AHRI 920 
Water source 4.8ISCOP | 
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TABLE E 503.72 
MINIMUM DUCT INSULATION R-VALUE’ 


[ASHRAE 90.1: TABLE 6.8.2] 
DUCT LOCATION 
CLIMATE ZONE enna. UNCONDITIONED SPACE AND INDIRECTLY CONDITIONED 
BURIED DUCTS SPACE® 4 
SUPPLY AND RETURN DUCTS FOR HEATING AND COOLING 
0to4 R-8 R-6 R-1.9 
5 to 8 R-12 R-6 R-1.9 
SUPPLY AND RETURN DUCTS FOR HEATING ONLY 
a 0 to | none none none 
2 to 4 R-6 R-6 R-1.9 
5 to 8 R-12 R-6 R-1.9 
SUPPLY AND RETURN DUCTS FOR COOLING ONLY 
0 to 6 R-8 R-6 R-1.9 
7 to 8 R-1.9 R-1.9 R-1.9 


Notes: 

'. Insulation R-values, measured in [°Feheft?/(Btusin)] [(m*K)/W], are for the insulation as installed and do not include film resistance. The required minimum 
thicknesses do not consider water vapor transmission and possible surface condensation. Where portions of the building envelope are used as a plenum enclo- 
sure, building envelope insulation shall be as required by the most restrictive condition of Section E 503.4.7.1 or ASHRAE 90.1, depending on whether the 
plenum is located in the roof, wall, or floor. Insulation resistance measured on a horizontal plane in accordance with ASTM C518 at a mean temperature of 
75°F (24°C) at the installed thickness. 

>. Includes attics above insulated ceilings, parking garages and crawl spaces. 

3. Includes return air plenums, with or without exposed roofs above. 

4. Return ducts in this duct location do not require insulation. 


TABLE E 503.7.3(1) 

MINIMUM PIPE INSULATION THICKNESS FOR HEATING AND HOT WATER SYSTEMS? 2 3: 45 

(STEAM, STEAM CONDENSATE, HOT WATER HEATING, AND DOMESTIC WATER SYSTEMS) 
[ASHRAE 90.1: TABLE 6.8.3-1] 


INSULATION CONDUCTIVITY NOMINAL PIPE SIZE OR TUBE SIZE (inches) 
FLUID OPERATING eens 
bas ik Pape vr Besser tk Eno Mlil: <1 1 to <1"/2 1/2 to <4 4 to <8 28 
INSULATION THICKNESS (inches) 

>350 0.32 to 0.34 250 4.5 5.0 S20) | 5.0 5.0 

251 to 350 0.29 to 0.32 200 3.0 4.0 4.5 4.5 4.5 

201 to 250 0.27 to 0.30 150 DES 2D BS 3.0 3.0 

141 to 200 0.25 to 0.29 125 eS) ILS 2.0 2.0 2.0 

105 to 140 0.22 to 0.28 100 1.0 1.0 Ss IS} [ i 


Le 
For SI units: °C=(CF-32)/1.8, 1 inch = 25 mm, | British thermal unit inch per hour square foot degree Fahrenheit = [0.1 W/(msK)] 
Notes: 
' For insulation outside the stated conductivity range, the minimum thickness (7) shall be determined as follows: 
T = r{(itdn*—13 


Where: 

T = minimum insulation thickness (inches). 

r = actual outside radius of pipe (inches). 

¢t = insulation thickness listed in this table for applicable fluid temperature and pipe size. 

K = conductivity of alternate material at mean rating temperature indicated for the applicable fluid temperature [Btusin/(heft7*°F)] [W/(msK)]. 

k = the upper value of the conductivity range listed in this table for the applicable fluid temperature. 

These thicknesses are on energy efficiency considerations only. Additional insulation is sometimes required relative to safety issues/surface temperature. 

For piping smaller than 1 inches (40 mm) or less and located in partitions within conditioned spaces, reduction of these thicknesses by 1 inch (25.4 mm) shall 
be permitted (before thickness adjustment required in footnote 1) but not to thicknesses below 1 inch (25.4 mm). 

For direct-buried heating and hot water system piping, reduction of these thicknesses by 1'4inch (40 mm) shall be permitted (before thickness adjustment 
required in footnote 1) but not to thicknesses below 1 inch (25.4 mm). 

Table E 503.7.3(1) is based on steel pipe. Nonmetallic pipes schedule 80 thickness or less shall use the table values. For other nonmetallic pipes having ther- 
mal resistance more than that of steel pipe, reduced insulation thicknesses are permitted where documentation is provided showing that the pipe with the 
proposed insulation has no more heat transfer per foot (mm) than a steel pipe of the same size with the insulation thickness shown in Table E 503.7.3(1). 
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TABLE E 503.7.3(2) 
MINIMUM PIPE INSULATION THICKNESS FOR COOLING SYSTEMS (CHILLED WATER, BRINE, AND REFRIGERANT)! 2>4 


[ASHRAE 90.1: TABLE 6.8.3-2] 
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INSULATION CONDUCTIVITY 


NOMINAL PIPE SIZE ORTUBE SIZE (inches) _ 


Notes: 
1 


T= r{itun*_13 


= minimum insulation thickness (inches). 
= actual outside radius of pipe (inches). 


FLUID OPERATING TEMPERATURE CONDUCTIVITY MEAN RATING ; Sigua | 41h tod | ae | 
RANGE (°F) AND USAGE Btueinch/(hefe°F) | TEMPERATURE °F i Csr? ais o< 28 | 

= wry 108 eo ake le ci AS pila _INSULATIONTHICKNESS (inches) 

40 to 60 ‘DereadenO2toULy, | 75 Di Sn Sprlerg.SO0 Libs GOW OtenO! whit © | 

<40 0.20 to 0.26 | 50 | ate Leo si il Sp eg ity | A IS 


For insulation outside the stated conductivity range, the minimum thickness (7) shall be determined as follows: 


E 
u 
t = insulation thickness listed in this table for applicable fluid temperature and pipe size. 
K = conductivity of alternate material at mean rating temperature indicated for the applicable fluid temperature [Btueinch/(heft?*°F)] [W/(meK)]. 
k = the upper value of the conductivity range listed in this table for the applicable fluid temperature. 
> These thicknesses are based on energy efficiency considerations only. Issues such as water, vapor permeability, or surface condensation require vapor retarders 


or additional insulation. 
3 For direct-buried cooling system piping, insulation is not required. 


4 Table E 503.7.3(2) is based on steel pipe. Nonmetallic pipes schedule 80 thickness or less shall use the table values. For other nonmetallic pipes having ther- 
mal resistance more than that of steel pipe, reduced insulation thicknesses are permitted where documentation is provided showing that the pipe with the pro- 
posed insulation has no more heat transfer per foot (mm) than a steel pipe of the same size with the insulation thickness shown in Table E 503.7.3(2). 


E 601.0 Indoor Environment. 


E 601.1 Scope. The provisions of this section shall establish 
the means of reducing the quantity of air contaminants that 
are odorous, irritating, or harmful to the comfort and well- 
being of a building’s installers, occupants, and neighbors. 


E 602.0 Fireplaces. 


E 602.1 Requirements. A direct vent sealed-combustion 
gas or sealed wood-burning fireplace, or a sealed wood stove 
shall be installed. The fireplace shall comply with Section E 
602.1.1 and Section E 602.1.2. 


E 602.1.1 Masonry or Factory-Built Fireplace. 
Masonry and factory-built fireplaces located in condi- 
tioned spaces shall be in accordance with Section E 
602.1.1.1 through Section E 602.1.1.3. 


E 602.1.1.1 Opening Cover. Closeable metal or 
glass doors covering the entire opening of the fire- 
box shall be installed. 


E 602.1.1.2 Combustion Air Intake. A combus- 
tion air intake to draw air from the outside of the 
building directly into the firebox, which is an area of 
not less than 6 square inches (0.004 m7?) and is 
equipped with a readily accessible, operable, and 
tight-fitting damper or combustion air control 
device. 


E 602.1.1.3 Accessible Damper Control. The 
flue damper shall have a readily accessible control. 


Exception: Where a gas log, log lighter, or decora- 
tive gas appliance is installed in a fireplace, the flue 
damper shall be blocked open where required by this 
code or the manufacturer’s installation instructions. 
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E 602.1.2 Prohibited. Continuous burning pilot lights 
and the use of indoor air for cooling a firebox jacket, 
where the indoor air is vented to the outside of the build- 
ing, are prohibited. 


E 603.0 Pollutant Control. 


E 603.1 Indoor Air Quality During Construction. 
Indoor air quality of a building shall be maintained in accor- 
dance with Section E 603.1.1 through Section E 603.1.3. 


E 603.1.1 Temporary Ventilation During Con- 
struction. Temporary ventilation during construction 
shall be provided in accordance with the following: 


(1) 


(2) 


(3) 


(4) 


Ventilation during construction shall be achieved 
through openings in the building shell using fans to 
produce not less than three air changes per hour. 


During dust-producing operations, the supply and 
return HVAC system openings shall be protected 
from dust in accordance with Section E 603.1.3. 


Where the building is occupied during demolition 
or construction, ventilation shall be provided in 
accordance with the Control Measures of the 
SMACNA IAQ Guidelines for Occupied Buildings 
Under Construction. 


The permanent HVAC system shall not be used dur- 
ing construction to condition and ventilate the build- 
ing within the required temperature range for 
material and equipment installation. Where required, 
a supplemental HVAC system shall be used during 
construction, return air shall be equipped with filters 
with a minimum efficiency reporting value (MERV) 
of 8, in accordance with ASHRAE 52.2, or an aver- 
age efficiency of 30 percent in accordance with 
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ASHRAE 52.2. Before occupancy, filters shall be 
replaced with filters having a MERV 13 rating in 
accordance with Section E 603.3. 


Exception: Embedded hydronics system shall be 
permitted to be used to condition the building during 
construction. 


E 603.1.2 Indoor Air Quality After Construction. 
After construction ends and interior finishes are installed, 
flush-out the building to reduce contaminant concentra- 
tions by supplying a total outdoor air volume of 14 000 
cubic feet per square foot (ft?/ft?) (4267.2 m?/m?) of occu- 
piable building area. An internal temperature of not less 
than 60°F (16°C) and relative humidity not higher than 60 
percent shall be maintained during the flush-out process. 
Occupancy shall begin on condition of 3500 ft?/ft? (1066.8 
m?/m?) of building area, with the remaining 10 500 ft?/ft? 
(3200.4 m*/m’) being accomplished as soon as possible. 


Exception: Other means of reducing the contaminant 
concentration levels shall be permitted where approved 
by the Authority Having Jurisdiction. 


E 603.1.3 Covering of Duct Openings and Pro- 
tection of Mechanical Equipment During Con- 
struction. At the time of rough installation, or during 
storage on the construction site and until final startup of 
the heating and cooling equipment, duct and other related 
air distribution component openings shall be covered 
with tape, plastic, sheet metal, or other methods accept- 
able to the enforcing agency to reduce the amount of dust 
or debris that collects in the system. 


E 603.2 Isolation of Pollutant Sources. Rooms where 
activities produce hazardous fumes or chemicals, including 
commercial kitchens, garages, janitorial or laundry rooms, 
and copy or printing rooms, shall be exhausted and isolated 
from adjacent spaces in accordance with this code. 


E 603.3 Filters. In mechanically ventilated buildings, par- 
ticle filters, or air-cleaning devices shall be provided to clean 
outdoor and return air prior to its delivery to occupied spaces. 
The particle or air cleaner shall have a MERV of 13. 


Exception: A filter or air cleaning device with a lower 
MERV value shall be permitted provided it is the highest 
value commercially available for the specific equipment that 
is installed. 


E 603.4 Ozone Depletion and Global Warming 


Reductions. Installations of HVAC and refrigeration shall 
not contain CFCs and shall be in accordance with this code. 


E 604.0 Indoor Moisture Control. 


E 604.1 Rainwater Control. Roof drainage systems shall 
discharge to a place of disposal in accordance with the plumb- 
ing code. Storm water shall be directed away from the building. 


E 605.0 Indoor Air Quality for Low-Rise Residential. 


E 605.1 General. Rooms or occupied spaces within single- 
family homes and multifamily structures of three stories or 
less above grade shall be designed to have ventilation (out- 
door) air for occupants in accordance with Section E 605.1.1 
through Section E 605.1.3.2, or the applicable local code. 
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E 605.1.1 Natural Ventilation. Naturally ventilated 
spaces shall be permanently open to and within 20 feet 
(6096 mm) of operable wall or roof openings to the out- 
doors, the openable area of which is not less than 5 per- 
cent of the conditioned floor area of the naturally 
ventilated space. Where openings are covered with lou- 
vers or otherwise obstructed, openable area shall be 
based on the free unobstructed area through the opening. 


E 605.1.1.1 Access to Operable Openings. 
The means to open required operable openings shall 
be readily accessible to building occupants where 
the space is occupied. 


E 605.1.2 Mechanical Ventilation. Each space that 
is not naturally ventilated in accordance with Section E 
605.1.1 shall be ventilated with a mechanical system 
capable of providing an outdoor air rate not less than 15 
ft}/min (0.007 m?/s) per person times the expected num- 
ber of occupants. Mechanical ventilation shall comply 
with this code. 


E 605.1.3 Dwelling-Unit Ventilation. A Mechanical 
exhaust system, supply system, or combination thereof 
shall be installed to operate for each dwelling unit to pro- 
vide continuous dwelling-unit ventilation with outdoor 
air at a rate not less than the rate specified in Section E | 
605.1.3.1. [ASHRAE 62.2:4.1] 


E 605.1.3.1 Total Ventilation Rate. The total 
required ventilation rate (Q;,,) shall be as specified 
in Table E 605.1.3.1 or, alternatively, calculated 
using Equation E 605.1.3.1. | 


(Equation E 605.1.3.1) 
On = 0.034 Agor + 1S peek) 


Qiot = total required ventilation rate, cubic feet 

per minute (ft?/min) 

A Moor = dwelling unit floor area, square foot (ft’) 

Nbr = number of bedrooms (not to be less than 

one) 

For SI units: 1 cubic foot per minute = 0.00047 m/s, 1 square 

foot = 0.0929 m? 

Exceptions: Dwelling-unit mechanical ventilation 

systems shall not be required where the Authority 

Having Jurisdiction determines that window opera- 

tion is a locally permissible method of providing 

ventilation and provided one or more of the follow- 
ing conditions is met: 

(1) The building has no mechanical cooling and is | 
in zone | or 2 of the climate zone map. 

(2) The building is thermally conditioned for 
human occupancy for less than 876 hours per 
year. [ASHRAE 62.2:4.1.1] 

E 605.1.3.2 Effective Annual Average Infiltra- 

tion Rate (Qjn¢). Effective Annual Average Infil- 

tration Rate (Cin) shall be calculated using 

Equation E 605.1.3.2 
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(Equation E 605.1.3.2) 
Qing (CFM) = (NL x wsfx Afoor) lL Aehuo)\™ 


Where: 

NL = normalized leakage 

wsf = weather and shielding factor from ASHRAE 

62.2. 

Afoor = floor area of residence, ft? (m’) 

* Replace 7.3 with 1.44 for metric units. [ASHRAE 
62.2:4.1.2(e)] 

E 605.1.3.3 Required Mechanical Ventilation 

Rate (Qn). Required Mechanical Ventilation 

Rate (Qfan) shall be calculated using Equation E 

3,085 dee pp 


(Equation E 605.1.3.3) 
Pan = Qrot— Qinf * Aext) 


Where: 
Oran = required mechanical ventilation rate, CFM 
(L/s) 

QOrot = total required ventilation rate, CFM (L/s) 

Q;,¢= may be not greater than 7/ x Ojo, 

(see ASHRAE 62.2 for exceptions for existing 

buildings) 

A.,; = 1 for single-family detached homes, or the 
ratio of exterior envelope surface area that is 
not attached to garages or other dwelling units 
to total envelope surface area for single-fam- 
ily attached homes. [ASHRAE 62.2:4.1.2(f)] 

E 605.1.3.4 Different Occupant Density. Table 

E 605.1.3.1 and Equation E 605.1.3.1 assume two 

persons in a studio or one-bedroom dwelling unit 

and an additional person for each additional bed- 
room. Where higher occupant densities are known, 

the rate shall be increased by 7.5 ft?/min (0.003 m?/s) 

for each additional person. Where approved by the 

Authority Having Jurisdiction, lower occupant den- 

sities shall be permitted to be used. [ASHRAE 

62.2:4.1.3] 

E 605.1.4 System Type. The dwelling-unit mechani- 
cal ventilation system shall consist of one or more sup- 
ply or exhaust fans and associated ducts and controls. 
Local exhaust fans shall be permitted to be part of a 
mechanical exhaust system. Where local exhaust fans are 
used to provide dwelling-unit ventilation, the local 
exhaust airflow shall be permitted to be credited toward 
the dwelling-unit ventilation airflow requirement. Out- 
door air ducts connected to the return side of an air han- 
dler shall be permitted as supply ventilation where 
manufacturer’s requirements for return air temperature 
are met. See ASHRAE 62.2 for guidance on selection of 
methods. [ASHRAE 62.2:4.2] 

E 605.1.5 Airflow Measurement. The airflow 
required by this section shall be the quantity of outdoor 
ventilation air supplied and/or indoor air exhausted by 
the mechanical ventilation system as installed and shall 


ext 
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be measured according to the ventilation equipment man- 
ufacturer’s instructions, or by using a flow hood, flow 
grid, or other airflow measuring device at the mechani- 
cal ventilation fan’s inlet terminals/grilles, outlet termi- 
nals/grilles, or in the connected ventilation ducts. 
Ventilation airflow of systems with multiple operating 
modes shall be tested in all modes designed to meet this | 
section. [ASHRAE 62.2:4.3] 


E 605.1.6 Control and Operation. A readily acces- 
sible manual ON-OFF control, including but not limited 
to a fan switch or a dedicated branch-circuit overcurrent 
device, shall be provided. Controls shall include text or 
an icon indicating the system’s function. 


Exception: For multifamily dwelling units, the manual 
ON-OFF control shall not be required to be readily 
accessible. [ASHRAE 62.2:4.4] 


E 605.1.7 Variable Mechanical Ventilation. 
Dwelling-unit mechanical ventilation systems designed 
to provide variable ventilation shall comply with Section 
E 605.1.7.1 .or, Section E. 605.1.7.2, or Section E 
605.1.7.3. Section E 605.1.7.2 and Section E 605.1.7.3 
also require compliance with ASHRAE 62.2 and require 
verification with supporting documentation from the 
manufacturer, designer, or specifier of the ventilation 
control system that the system meets the requirements of 
these sections. Where the dwelling-unit ventilation rate 
varies based on occupancy, occupancy shall be deter- 
mined by occupancy sensors or by an occupant-pro- 
grammable schedule. [ASHRAE 62.2:4.5] 


E 605.1.7.1 Short-Term Average Ventilation. 
To comply with this section, a variable ventilation 
system shall be installed to provide an average 
dwelling-unit ventilation rate over any three-hour 
period that is greater than or equal to Oran as calcu- 
lated using Section E 605.1.3.3.. [ASHRAE 
62.2:4.5.1] 


E 605.1.7.2 Scheduled Ventilation. This section 
shall only be allowed to be used where one or more 
fixed patterns of designed ventilation are known at 
the time compliance to Section E 605.0 is being 
determined. Such patterns include those both clock- 
driven and driven by typical meteorological data. 
Compliance with this section shall be demonstrated | 
with either Section E 605.1.7.2.1 or Section E 
605.1.7.2.2. [ASHRAE 62.2:4.5.2] 


E 605.1.72.1 Annual Average Schedule. 
An annual schedule of ventilation complies 
with this section when the annual average rela- 
tive exposure during occupied periods is not 
more than unity as calculated in accordance 
with ASHRAE 62.2. [ASHRAE 62.2:4.5.2.1] 


E 605.1.7.2.2 Block Scheduling. The sched- 
ule of ventilation complies with this section 
when it is broken into blocks of time and each 
block individually has an average relative expo- 
sure during occupied periods that is not more 
than unity as calculated in ASHRAE 62.2. 
[ASHRAE 62.2:4.5.2.2] 
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E 605.1.7.3 Real-Time Control. A real-time ven- 
tilation controller complies with this section when it 
is designed to adjust the ventilation system based on 
real-time input to the ventilation calculations so that 
the average relative exposure during occupied peri- 
ods is not more than unity as calculated in ASHRAE 
62.2. The averaging period shall be not less than one 
day but not more than one year and shall be based on 
simple, recursive or running average, but not extrap- 
olation. [ASHRAE 62.2:4.5.3] 


E 605.1.8 Equivalent Ventilation. A dwelling-unit 
ventilation system shall be designed and operated in such 
a way as to provide the same or lower annual exposure as 
would be provided in accordance with Section E 605.1.3. 
The calculations shall be based on a single zone with a 
constant contaminant emission rate. The manufacturer, 
specifier, or designer of the equivalent ventilation sys- 
tem shall certify that the system is in accordance with 
this intent and provide supporting documentation. 
[ASHRAE 62.2:4.6] 


E 605.2 Bathroom Exhaust Fans. Except where a whole 
house energy recovery system is used, a mechanical exhaust 
fan vented to the outdoors shall be provided in each room 
containing a bathtub, shower, or tub/shower combination. The 
ventilation rate shall be not less than 50 ft?/min (0.02 m?/s) for 
intermittent operation and 20 ft?/min (0.009 m?/s) for contin- 
uous operation. Fans shall comply with the Energy Star Pro- 
gram. 

E 605.3 Filters. Heating and air conditioning filters shall 
have a MERV rating of 6 or higher. The air distribution sys- 
tem shall be designed for the pressure drop across the filter. 


E 606.0 Indoor Air Quality for Other than Low-Rise 
Residential Buildings. 

E 606.1 Minimum Indoor Air Quality. The building shall 
| comply with Chapter 4 or ASHRAE 62.1 for ventilation air 
supply. 


E 607.0 Environmental Comfort. 


E 607.1 Thermal Comfort Controls. The mechanical sys- 
tems and controls of building shall be designed to provide and 
maintain indoor comfort conditions in accordance with 
ASHRAE 55. 


E 607.2 Heating and Air-Conditioning System 
Design. Heating and air-conditioning systems shall be sized, 
designed, and have their equipment selected in accordance 
with the following: 


(1) Heat loss and heat gain are established in accordance 
with ACCA Manual J, ASHRAE handbooks, or other 
equivalent methods. 


(2) Duct systems shall be sized in accordance with ACCA 
Manual D, ASHRAE handbooks, or other equivalent 
methods. 


(3) Heating and cooling equipment in accordance with 
ACCA Manual S or other equivalent methods. 


E 608.0 Low VOC Solvent Cement and Primer. 


E 608.1 General. Primers and solvent cements used to join 
plastic pipe, and fittings shall be in accordance with Section 
E 608.1.1 and Section E 608.1.2. 


E 608.1.1 Solvent Cement. Solvent cement, including 
one-step solvent cement, shall have a volatile organic 
compound (VOC) content of less than or equal to 65 
ounces per gallon (o0z/gal) (487 g/L) for CPVC cement, 
68 oz/gal (509 g/L) for PVC cement, and 43 oz/gal (322 
g/L) for ABS cement, as determined by the South Coast 
Air Quality Management District’s Laboratory Methods 
of Analysis for Enforcement Samples, Method 316A. 


E 608.1.2 Primer. Primer shall have a volatile organic 
compound (VOC) content of less than or equal to 73 
oz/gal (546 g/L), as determined by the South Coast Air 
Quality Management District’s Laboratory Methods of 
Analysis for Enforcement Samples, Method 316A. 


TABLE E 605.1.3.1 
VENTILATION AIR REQUIREMENTS, (cubic foot per minute) 


[ASHRAE 62.2: TABLE 4.1a] 


} oii. ait BEDROOMS : 
FLOOR AREA (ft?) | 
1 2 3 4 3 
BID BMAaO0 pAVaVe lauAn ee YD pdiseci pela 45 7 53 60 
boilqirso1-aoooilinnad ys atubeasoe Iasi) WAL 153 IN Aare on 75 
fale Seg EET SOOT == Pan PRISON F aac T5atiher) OM at LahieR3 i 90 
1501-2000 pr tae igh we Yak: Hea Sgeelinn 105. | 
2001-25001 A. Gils Aine Wi90 aan 98 105 113 gsr) cael 
[horn 2501: 2000 ubeliot HoolOe er repes 113 12010) wh 128 ¥ romesd3S 
3001-3500 120 128 135 143 150 
| 3501-4000 |. 135 143 150 A 158 165 
4001-4500 | 150 158 165 173 180 
le 4501-50008 VP Lalniielebes At (OUR 7 180 ; Fw ai 195 


For SI units: 1 square foot = 0.0929 m7, 1 cubic foot per minute = 0.00047 m?/s 
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E 701.0 Installer Qualifications. 

E 701.1 Scope. The provisions of this section address min- 
imum qualifications of installers of mechanical systems cov- 
ered within the scope of this appendix. 


E 702.0 Qualifications. 

E 702.1 General. Where permits are required, the Author- 
ity Having Jurisdiction shall have the authority to require con- 
tractors, installers, or service technicians to demonstrate 
competency. Where determined by the Authority Having 
Jurisdiction, the contractor, installer, or service technician 
shall be licensed to perform such work. 


Part | 


E 801.0 Heating, Ventilation, and Air Conditioning 
Systems Commissioning. 


E 801.1 Applicability. The provisions of this section apply 
to the commissioning of commercial and institutional HVAC 
systems. 


E 802.0 Commissioning. 


E 802.1 Commissioning Requirements. HVAC com- 
missioning shall be included in the design and construction 
processes of the project to verify that the HVAC systems and 
components meet the owner’s project requirements and in 
accordance with this appendix. Commissioning shall be per- 
formed in accordance with this appendix by personnel trained 
and certified in commissioning by a nationally recognized 
organization. Commissioning requirements shall include the 
following: 


(1) Owner’s project requirements 
(2) Basis of design 


(3) Commissioning measures shown in the construction doc- 
uments 


(4) Commissioning plan 
(5) Functional performance 
(6) Testing 
(7) Post construction documentation and training 
(8) Commissioning report 
HVAC systems and components covered by this appen- 
dix as well as process equipment and controls, and renewable 


energy systems shall be included in the scope of the com- 
missioning requirements. 


E 802.2 Owner’s Project Requirements (OPR). The per- 
formance goals and requirements of the HVAC system shall 
be documented before the design phase of the project begins. 
This documentation shall include not less than the following: 


(1) Environmental and sustainability goals 

(2) Energy efficiency goals 

(3) Indoor environmental quality requirements 

(4) Equipment and systems performance goals 

(5) Building occupant and O&M personnel expectations 
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E 802.3 Basis of Design (BOD). A written explanation of 
how the design of the HVAC system meets the owner’s proj- 
ect requirements shall be completed at the design phase of the 
building project, and updated as necessary during the design 
and construction phases. The basis of design document shall 
cover not less than the following systems: 


(1) Heating, ventilation, air conditioning (HVAC) systems 
and controls 


(2) Water heating systems 

(3) Renewable energy systems 

E 802.4 Commissioning Plan. A commissioning plan 
shall be completed to document the approach to how the proj- 
ect will be commissioned, and shall be started during the 
design phase of the building project. The commissioning plan 
shall include not less than the following: 

(1) General project information 

(2) Commissioning goals 


(3) Systems to be commissioned. Plans to test systems and 
components shall include not less than the following: 


(a) A detailed explanation of the original design intent. 


(b) Equipment and systems to be tested, including the 
extent of tests. 


(c) Functions to be tested. 
(d) Conditions under which the test shall be performed. 
(e) Measurable criteria for acceptable performance. 
(4) Commissioning team information. 
(5) Commissioning process activities, schedules, and 
responsibilities. Plans for the completion of commis- 


sioning requirements listed in Section E 802.5 through 
Section E 802.7 shall be included. 


E 802.5 Functional Performance Testing. Functional 
performance tests shall demonstrate the correct installation 
and operation of each component, system, and system-to-sys- 
tem interface in accordance with the approved plans and spec- 
ifications. Functional performance testing reports shall 
contain information addressing each of the building compo- 
nents tested, the testing methods utilized, and readings and 
adjustments made. 

E 802.6 Post Construction Documentation and Train- 
ing. A system manual and systems operations training are 
required. 

E 802.6.1 Systems Manual. Documentation of the 

operational aspects of the HVAC system shall be com- 

pleted within the systems manual and delivered to the 
building owner and facilities operator. The systems man- 
ual shall include not less than the following: 

(1) Site information, including facility description, his- 
tory, and current requirements. 

(2) Site contact information. 

(3) Basic O&M, including general site operating proce- 
dures, basic troubleshooting, recommended mainte- 
nance requirements, and site events log. 

(4) Major systems. 

(5) Site equipment inventory and maintenance notes. 
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(6) Equipment/system warranty documentation and 
information. 


(7) “As-Built” design drawings. 
(8) Other resources and documentation. 


E 802.6.2 Systems Operations Training. The train- 
ing of the appropriate maintenance staff for each equip- 
ment type or system shall include not less than the 
following: 


(1) System/Equipment overview (what it is, what it 
does, and what other systems or equipment it inter- 
faces with). 


(2) Review of the information in the systems manual. 


(3) Review of the record drawings on the system/equip- 
ment. 


E 802.7 Commissioning Report. A complete report of 
commissioning process activities undertaken through the 
design, construction, and post-construction phases of the 
building project shall be completed and provided to the 
owner. 


Part Il 


E 803.0 Commissioning Acceptance. 


E 803.1 General. Part II of this appendix provides a means 
of verifying the commissioning requirements of Section E 
802.1. The activities specified in Part II of this appendix 
includes three aspects, as described as follows: 


(1) Visual inspection of the equipment and installation. 
(2) Review of the certification requirements. 
(3) Functional tests of the systems and controls. 


E 803.2 Construction Documents. Details of commis- 
sioning acceptance requirements shall be incorporated into 
the construction documents, including information that 
describes the details of the functional tests to be performed. 
This information shall be permitted to be integrated into the 
specifications for testing and air balancing, energy manage- 
ment and control system, equipment startup procedures or 
commissioning. It is possible that the work will be performed 
by a combination of the test and balance (TAB) contractor, 
mechanical/electrical contractor, and the energy management 
control system (EMCS) contractor, so applicable roles and 
responsibilities shall be clearly called out. 


E 803.2.1 Roles and Responsibilities. The roles 
and responsibilities of the persons involved in commis- 
sioning acceptance are included in Section E 803.2.1.1 
through Section E 803.2.1.3. 


E 803.2.1.1 Field Technician. The field techni- 
cian shall be responsible for performing and docu- 
menting the results of the acceptance procedures on 
the certificate of acceptance forms. The field tech- 
nician shall sign the certificate of acceptance to cer- 
tify that the information he provides on the 
certificate of acceptance is true and correct. 
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E 803.2.1.2 Responsible Person. The respon- 
sible person shall be the contractor or registered 
design professional of record. A certificate of 
acceptance shall be signed by a responsible person 
to take responsibility for the scope of work speci- 
fied by the certificate of acceptance document. The 
responsible person shall perform the field testing 
and verification work, and where this is the case, the 
responsible person shall complete and sign both the 
field technician’s signature block and the responsi- 
ble person’s signature block on the certificate of 
acceptance form. The responsible person assumes 
responsibility for the acceptance testing work per- 
formed by the field technician agent or employee. 


E 803.2.1.3 Certificate of Acceptance. The cer- 
tificate of acceptance shall be submitted to the 
Authority Having Jurisdiction in order to receive the 
final certificate of occupancy. The Authority Hav- 
ing Jurisdiction shall not release a final certificate of 
occupancy unless the submitted certificate of accept- 
ance demonstrates that the specified systems and 
equipment have been shown to be performing in 
accordance with the applicable acceptance require- 
ments. The Authority Having Jurisdiction has the 
authority to require the field technician and respon- 
sible person to demonstrate competence, to its satis- 
faction. Certificate of acceptance forms are located 
in Section E 806.0. 


E 804.0 Commissioning Tests. 


E 804.1 General. Functional tests shall be performed on 
new equipment and systems installed in either new construc- 
tion or retrofit applications in accordance with this section. 
The appropriate certificate of acceptance form along with 
each specific test shall be completed and submitted to the 
Authority Having Jurisdiction before a final occupancy per- 
mit can be granted. 


E 804.2 Tests. Functional testing shall be performed on the 
devices and systems listed in this section. The functional test 
results are documented using the applicable certificate of 
acceptance forms shown in parenthesis and located in Sec- 
tion E 806.0. The functional tests shall be performed in accor- 
dance with Section E 805.0 using the following forms: 


(1) Minimum ventilation controls for constant and variable 
air volume systems (Form MECH-2A). 


(2) Zone temperature and scheduling controls for constant 
volume, single-zone, unitary air conditioner and heat 
pump systems (Form MECH-3A). 


(3) Duct leakage on a subset of small single-zone systems 
depending on the ductwork location (Form MECH-4A). 


(4) Air economizer controls for economizers that are not fac- 
tory installed and tested (Form MECH-SA). 


(5) Demand-controlled ventilation control systems (Form 
MECH-6A). 


(6) Supply fan variable flow controls (Form MECH-7A). 
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(7) Valve leakage for hydronic variable flow systems and 
isolation valves on chillers and boilers in plants with 
more than one chiller or boiler being served by the same 
primary pumps through a common header (Form MECH- 
8A). 


(8) Supply water temperature reset control strategies pro- 
grammed into the building automation system for water 
systems (e.g., chilled, hot, or condenser water) (Form 
MECH-9A). 


(9) Hydronic variable flow controls on a water system where 
the pumps are controlled by variable frequency drives 
(e.g., chilled and hot water systems; water-loop heat 
pump systems) (Form MECH-10A). 


(10) Automatic demand shed control (Form MECH-11A). 


(11)Fault detection and diagnostic for DX units (Form 
MECH-12A). 


(12) Automatic fault detection and diagnostic systems 
(AFDD) (Form MECH-13A). 


(13) Distributed energy storage DEC/DX AC systems (Form 
MECH-14A). 


(14) Thermal energy storage (TES) systems (Form MECH- 
15A). 


E 804.3 Acceptance Process. The functional testing 
process shall comply with Section E 804.3.1 through Section 
E 804.3.4. 


E 804.3.1 Plan Review. The installing contractor, reg- 
istered design professional of record, owner’s agent, or 
the person responsible for certification of the acceptance 
testing on the certificate of acceptance (responsible per- 
son) shall review the plans and specifications to ensure 
that they are in accordance with the acceptance require- 
ments. This is typically done prior to signing a certifi- 
cate of compliance. 


E 804.3.2 Construction Inspection. The installing 
contractor, registered design professional of record, 
owner’s agent, or the person responsible for certification 
of the acceptance testing on the certificate of acceptance 
(responsible person) shall perform a construction inspec- 
tion prior to testing to ensure that the equipment that is 
installed is capable of complying with the requirements 
of this appendix and is calibrated. The installation of 
associated systems and equipment necessary for proper 
system operation is required to be completed prior to the 
testing. 

E 804.3.3 Acceptance Testing. One or more field 
technicians shall perform the acceptance testing; identify 
performance deficiencies; ensure that they are corrected; 
and where necessary, repeat the acceptance procedures 
until the specified systems and equipment are performing 
in accordance with the acceptance requirements. The 
field technician who performs the testing shall sign the 
certificate of acceptance to certify the information has 
been provided to document the results of the acceptance 
procedures is true and correct. 


The responsible person shall review the test results 
from the acceptance requirement procedures provided by 
the field technician and sign the certificate of acceptance 
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to certify compliance with the acceptance requirements. 
The responsible person shall be permitted to perform the 
field technician’s responsibilities, and shall then sign the 
field technician declaration on the certificate of accept- 
ance to certify that the information on the form is true 
and correct. 


E 804.3.4 Certificate of Occupancy. The Authority 
Having Jurisdiction shall not issue the final certificate of 
occupancy until required certificates of acceptance are 
submitted. Copies of completed, signed certificates of 
acceptance are required to be posted, or made available 
with the permit(s), and shall be made available to the 
Authority Having Jurisdiction. 


E 805.0 HVAC System Tests. 


E 805.1 Variable Air Volume Systems (Form MECH- 
2A). This test ensures that adequate outdoor air ventilation is 
provided through the variable air volume air handling unit at 
two representative operating conditions. The test consists of 
measuring outdoor air values at maximum flow and at or near 
minimum flow. The test verifies that the minimum volume 
of outdoor air is introduced to the air handling unit where the 
system is in occupied mode at these two conditions of supply 
airflow. This test shall be performed in conjunction with sup- 
ply fan variable flow controls test procedures to reduce the 
overall system testing time as both tests use the same two con- 
ditions of airflow for their measurements. 


E 805.1.1 Test Procedure. The procedure for per- 
forming a functional test for variable air volume systems 
shall be in accordance with Section E 805.1.1.1 and Sec- 
tion E 805.1.1.2. 


E 805.1.1.1 Construction Inspection. Prior to 
functional testing, verify and document that the sys- 
tem controlling outside airflow is calibrated either 
in the field or factory. 


E 805.1.1.2 Functional Testing. The functional 

testing shall be in accordance with the following 

steps: 

Step 1: Where the system has an outdoor air econo- 

mizer, force the economizer high limit to disable 

economizer control (e.g., for a fixed drybulb high 

limit, lower the setpoint below the current outdoor 

air temperature). 

Step 2: Adjust supply airflow to either the sum of 

the minimum zone airflows or 30 percent of the total 

design airflow. Verify and document the following: 

(1) Measured outside airflow reading is within 10 
percent of the total ventilation air called for in 
the certificate of compliance. 

(2) OSA controls stabilize within 5 minutes. 

Step 3: Adjust supply airflow to achieve design air- 

flow. Verify and document the following: 

(1) Measured outside airflow reading is within 10 
percent of the total ventilation air called for in 
the certificate of compliance. 
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(2) OSA controls stabilize within 5 minutes. 


Step 4: Restore system to “as-found” operating con- 
ditions. 


E 805.1.2 Acceptance Criteria. System controlling 
outdoor air flow shall be calibrated in the field or at the 
factory. 


Measured outdoor airflow reading shall be within 10 
percent of the total value found on the certificate of com- 
pliance under the following conditions: 


(1) Minimum system airflow. 


(2) Thirty percent of total design flow design supply air- 
flow. 


E 805.2 Constant Volume Systems (Form MECH-2A). 
The purpose of this test is to ensure that adequate outdoor air 
ventilation is provided through the constant volume air han- 
dling unit to the spaces served under operating conditions. 
The intent of this test is to verify that the minimum volume of 
outdoor air is introduced to the air handling unit during typi- 
cal space occupancy. 


E 805.2.1 Test Procedure. The procedure for per- 
forming a functional test for constant air volume systems 
shall be in accordance with Section E 805.2.1.1 and Sec- 
tion E 805.2.1.2. 


E 805.2.1.1 Construction Inspection. Prior to 

functional testing, verify and document the follow- 

ing: 

(1) Minimum position is marked on the outside air 
damper. 


(2) The system has means of maintaining the min- 
imum outdoor air damper position. 


E 805.2.1.2 Functional Testing. Where the sys- 
tem has an outdoor air economizer, force the econ- 
omizer to the minimum position and stop outside air 
damper modulation (e.g., for a fixed drybulb high 
limit, lower the setpoint below the current outdoor 
air temperature). 


E 805.2.2 Acceptance Criteria. The system has a 
means of maintaining the minimum outdoor air damper 
position. The minimum damper position is marked on 
the outdoor air damper. The measured outside airflow 
reading shall be within 10 percent of the total ventilation 
air called for in the certificate of compliance. 


E 805.3 Constant Volume, Single-Zone, Unitary Air 
Conditioner and Heat Pumps Systems Acceptance 
(Form MECH-3A). The purpose of this test is to verify the 
individual components of a constant volume, single-zone, 
unitary air conditioner and heat pump system function cor- 
rectly; including: thermostat installation and programming, 
supply fan, heating, cooling, and damper operation. 


E 805.3.1 Test Procedure. The procedure for per- 
forming a functional test for constant volume, single- 
zone, unitary air conditioner and heat pump systems shall 
be in accordance with Section E 805.3.1.1 and Section E 
805.3,h.2. 
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E 805.3.1.1 Construction Inspection. Prior to 

functional testing, verify and document the follow- 

ing: 

(1) Thermostat is located within the space-condi- 
tioning zone that is served by the HVAC sys- 
tem. 


(2) Thermostat shall be in accordance with temper- 
ature adjustment and dead band requirements. 


(3) Occupied, unoccupied, and holiday schedules 
shall be programmed per the facility’s sched- 
ule. 


(4) Preoccupancy purge is programmed. 


E 805.3.1.2 Functional Testing. The functional 
testing shall be in accordance with the following 
steps: 


Step 1: Disable economizer and demand control 
ventilation systems (where applicable). 


Step 2: Simulate a heating demand during the occu- 
pied condition. Verify and document the following: 


(1) Supply fan operates continually. 

(2) The unit provides heating. 

(3) No cooling is provided by the unit. 

(4) Outside air damper is at minimum position. 


Step 3: Simulate operation in the dead band during 
occupied condition. Verify and document the fol- 
lowing: 

(1) Supply fan operates continually. 


(2) Neither heating nor cooling is provided by the 
unit. 


(3) Outside air damper is at minimum position. 


Step 4: Simulate cooling demand during occupied 
condition. Lock out economizer (where applicable). 
Verify and document the following: 


(1) Supply fan operates continually. 

(2) The unit provides cooling. 

(3) No heating is provided by the unit. 

(4) Outside air damper is at minimum position. 
Step 5: Simulate operation in the dead band during 
unoccupied mode. Verify and document the follow- 
ing: 

(1) Supply fan is off. 

(2) Outside air damper is fully closed. 


(3) Neither heating nor cooling is provided by the 
unit. 


Step 6: Simulate heating demand during unoccupied 
conditions. Verify and document the following: 


(1) Supply fan is on (either continuously or 
cycling). 

(2) Heating is provided by the unit. 

(3) No cooling is provided by the unit. 


(4) Outside air damper is either closed or at mini- 
mum position. 
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Step 7: Simulate cooling demand during unoccupied 
condition. Lock out economizer (where applicable). 
Verify and document the following: 


(1) Supply fan is on (either continuously or 
cycling). 

(2) Cooling is provided by the unit. 

(3) No heating is provided by the unit. 


(4) Outside air damper is either closed or at mini- 
mum position. 


Step 8: Simulate manual override during unoccupied 
condition. Verify and document the following: 


(1) System operates in “occupied” mode. 


(2) System reverts to “unoccupied” mode where 
manual override time period expires. 


Step 9: Restore economizer and demand control 
ventilation systems (where applicable), and remove 
system overrides initiated during the test. 


E 805.3.2 Acceptance Criteria. Thermostat is located 
within the space-conditioning zone that is served by the 
respective HVAC system. The thermostat shall comply 
with temperature adjustment and dead band require- 
ments. Occupied, unoccupied, and holiday schedules 
shall be programmed per the facility’s schedule. Preoc- 
cupancy purge is programmed in accordance with the 
requirements. 


E 805.4 Air Distribution Systems (Form MECH-4A). 
The purpose of this test is to verify duct work associated with 
non-exempt constant volume, single-zone, HVAC units (e.g., 
air conditioners, heat pumps, and furnaces) meet the mate- 
rial, installation, and insulation R-values and leakage require- 
ments outlined in this appendix. This test is required for 
single-zone units serving less than 5000 square feet (464.52 
m7’) of floor area where 25 percent or more of the duct surface 
area is in one of the following spaces: 


(1) Outdoors. 


(2) Inaspace directly under a roof where the U-factor of the 
roof is greater than the U-factor of the ceiling. 


(3) Inaspace directly under a roof with fixed vents or open- 
ings to the outside or unconditioned spaces. 


(4) In an unconditioned crawl space. 
(5) In other unconditioned spaces. 


This test applies to both new duct systems and to exist- 
ing duct systems being extended or the space conditioning 
system is altered by the installation or replacement of space 
conditioning equipment, including: replacement of the air 
handler; outdoor condensing unit of a split system air condi- 
tioner or heat pump; cooling or heating coil; or the furnace 
heat exchanger. Existing duct systems do not have to be tested 
where they are insulated or sealed with asbestos. 

E 805.4.1 Test Procedure. The procedure for per- 

forming a functional test for air distribution systems shall 

be in accordance with Section E 805.4.1.1 and Section E 

805.4.1.2. 

E 805.4.1.1 Construction Inspection. Prior to 
functional testing, verify and document the follow- 
ing: 
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(1) Duct connections shall comply with the require- 
ments of this appendix and this code. 


(2) Flexible ducts are not compressed. 
(3) Ducts are fully accessible for testing. 


(4) Joints and seams are properly sealed in accor- 
dance with the requirements of this appendix. 


(5) Insulation R-Values shall comply with the min- 
imum requirements of this appendix. 


E 805.4.1.2 Functional Testing. Perform duct 
leakage test in accordance with Section E 
503.4.7.2.1. 


E 805.4.2 Acceptance Criteria. Flexible ducts are not 
compressed or constricted. Duct connections shall com- 
ply with the requirements of this appendix and this code 
(new ducts only). Joints and seams are properly sealed 
in accordance with the requirements of this appendix and 
this code (new ducts only). Duct R-values shall comply 
with the minimum requirements of this appendix (new 
ducts only). Insulation is protected from damage and 
suitable for outdoor usage where applicable (new ducts 
only). The leakage shall not exceed the rate in accor- 
dance with Section E 503.4.7.2. 


E 805.5 Air Economizer Controls Acceptance (Form 
MECH-5A). The purpose of functionally testing an air econ- 
omizer cycle is to verify that an HVAC system uses outdoor 
air to satisfy space cooling loads where outdoor air conditions 
are acceptable. There are two types of economizer controls; 
stand-alone packages and DDC controls. The stand-alone 
packages are commonly associated with small unitary rooftop 
HVAC equipment, and DDC controls are typically associated 
with built-up or large packaged air handling systems. Test 
procedures for both economizer control types are provided. 


For units with economizers that are factory installed and 
certified operational by the manufacturer to economizer qual- 
ity control requirements, the in-field economizer functional 
tests do not have to be conducted. A copy of the manufac- 
turer’s certificate shall be attached to the Form MECH-SA. 
However, the construction inspection, including compliance 
with high-temperature lockout temperature setpoint, shall be 
completed regardless of whether the economizer is field or 
factory installed. 

E 805.5.1 Test Procedure. The procedure for per- 

forming a functional test for air economizer controls shall 

comply with Section E 805.5.1.1 and Section E 

80515 .1:2: 

E 805.5.1.1 Construction Inspection. Prior to 

functional testing, verify and document the follow- 

ing: 

(1) Economizer lockout setpoint is in accordance 
with this appendix. 

(2) Economizer lockout control sensor is located to 
prevent false readings. 

(3) System is designed to provide up to 100 percent 
outside air without over-pressurizing the build- 
ing. 

(4) For systems with DDC controls lockout sensor(s) 
are either factory calibrated or field calibrated. 
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(5) For systems with non-DDC controls, manufac- 
turer’s startup and testing procedures are 
applied. 

E 805.5.1.2 Functional Testing. The functional 

testing shall be in accordance with the following 

steps: 

Step 1: Disable demand control ventilation systems 

(where applicable). 


Step 2: Enable the economizer, and simulate a cool- 
ing demand large enough to drive the economizer 
fully open. Verify and document the following: 


(1) Economizer damper is 100 percent opened and 
return air damper is 100 percent closed. 


(2) Where applicable, verify that the economizer 
remains 100 percent open where the cooling 
demand can no longer be met by the econo- 
mizer alone. 


(3) Applicable fans and dampers operate as 
intended to maintain building pressure. 


(4) The unit heating is disabled. 


Step 3: Disable the economizer and simulate a cool- 
ing demand. Verify and document the following: 


(1) Economizer damper shall close to its minimum 
position. 


(2) Applicable fans and dampers shall operate as 
intended to maintain building pressure. 


(3) The unit heating is disabled. 


Step 4: Simulate a heating demand, and set the econ- 
omizer so that it is capable of operating (e.g., actual 
outdoor air conditions are below lockout setpoint). 
Verify the economizer is at minimum position. 


Step 5: Restore demand control ventilation systems 
(where applicable) and remove system overrides ini- 
tiated during the test. 


E 805.5.2 Acceptance Criteria. Air economizer con- 
trols acceptance criteria shall be as follows: 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


Where the economizer is factory installed and certi- 
fied, a valid factory certificate is required for accept- 
ance. No additional equipment tests are necessary. 


Air economizer lockout setpoint is in accordance 
with this appendix. Outside sensor location accu- 
rately reads true outdoor air temperature and is not 
affected by exhaust air or other heat sources. 


Sensors are located to achieve the desired control. 


During economizer mode, the outdoor air damper 
shall modulate open to a maximum position and 
return air damper to 100 percent closed. 


The outdoor air damper is 100 percent open before 
mechanical cooling is enabled and for units 75 000 
Btu/h (22 kw) and larger remains at 100 percent 
open while mechanical cooling is enabled (econo- 
mizer integration where used for compliance). 


Where the economizer is disabled, the outdoor air 
damper closes to a minimum position; the return 


damper modulates 100 percent open, and mechani- 
cal cooling remains enabled. 


E 805.6 Demand-Controlled Ventilation Systems 
Acceptance (Form MECH-6A). The purpose of this test is 
to verify that systems required to employ demand-controlled 
ventilation shall be permitted to vary outside ventilation flow 
rates based on maintaining interior carbon dioxide (CO,) con- 
centration setpoints. Demand-controlled ventilation refers to 
an HVAC system’s ability to reduce outdoor air ventilation 
flow below design values where the space served is at less 
than design occupancy. Carbon dioxide is a good indicator of 
occupancy load and is the basis used for modulating ventila- 
tion flow rates. 


E 805.6.1 Test Procedure. The procedure for per- 
forming a functional test for demand-control ventilation 
(DVC) systems shall be in accordance with Section E 
805.6.1.1 and Section E 805.6.1.2. 


E 805.6.1.1 Construction Inspection. Prior to 

functional testing, verify and document the follow- 

ing: 

(1) Carbon dioxide control sensor is factory cali- 
brated or field-calibrated in accordance with 
this appendix. 


(2) The sensor is located in the high-density space 
between 3 feet (914 mm) and 6 feet (1829 mm) 
above the floor or at the anticipated level of the 
occupants’ heads. 


(3) DCV control setpoint is at or below the carbon 
dioxide concentration permitted by this appen- 
dix. 

E 805.6.1.2 Functional Testing. The functional 

testing shall be in accordance with the following 

steps: 

Step 1: Disable economizer controls. 


Step 2: Simulate a signal at or slightly above the car- 
bon dioxide concentration setpoint required by this 
appendix. Verify and document the following: 


(1) For single zone units, outdoor air damper mod- 
ulates open to satisfy the total ventilation air 
called for in the certificate of compliance. 


(2) For multiple zone units, either outdoor air 
damper or zone damper modulate open to sat- 
isfy the zone ventilation requirements. 


Step 3: Simulate signal well below the carbon diox- 
ide setpoint. Verify and document the following: 


(1) For single zone units, outdoor air damper mod- 
ulates to the design minimum value. 


(2) For multiple zone units, either outdoor air 
damper or zone damper modulate to satisfy the 
reduced zone ventilation requirements. 


Step 4: Restore economizer controls and remove 
system overrides initiated during the test. 


Step 5: With controls restored, apply carbon diox- 
ide calibration gas at a concentration slightly above 
the setpoint to the sensor. Verify that the outdoor air 
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damper modulates open to satisfy the total ventila- 
tion air called for in the certificate of compliance. 


E 805.6.2 Acceptance Criteria. Demand-controlled 
ventilation systems acceptance criteria shall be as fol- 
lows: 


(1) Each carbon dioxide sensor is factory calibrated 
(with calibration certificate) or field calibrated. 


(2) Each carbon dioxide sensor is wired correctly to the 
controls to ensure proper control of the outdoor air 
damper. 


(3) Each carbon dioxide sensor is located correctly 
within the space 1 foot (305 mm) to 6 feet (1829 
mm) above the floor. 


(4) Interior carbon dioxide concentration setpoint is not 
more than 600 parts per million (ppm) plus outdoor 
air carbon dioxide value where dynamically meas- 
ured or not more than 1000 ppm where no OSA sen- 
sor is provided. 


(5) A minimum OSA setting is provided where the sys- 
tem is in occupied mode in accordance with this 
appendix regardless of space carbon dioxide read- 
ings. 

(6) A maximum OSA damper position for DCV control 
shall be established in accordance with this appen- 
dix, regardless of space carbon dioxide readings. 


(7) The outdoor air damper shall modulate open where 
the carbon dioxide concentration within the space 
exceeds setpoint. 


(8) The outdoor air damper modulates closed (toward 
minimum position) where the carbon dioxide con- 
centration within the space is below setpoint. 


E 805.7 Supply Fan Variable Flow Controls (Form 
MECH-7A). The purpose of this test is to ensure that the sup- 
ply fan in a variable air volume application modulates to meet 
system airflow demand. In most applications, the individual 
VAV boxes serving each space will modulate the amount of 
air delivered to the space based on heating and cooling 
requirements. As a result, the total supply airflow provided 
by the central air handling unit shall vary to maintain suffi- 
cient airflow through each VAV box. Airflow shall be con- 
trolled using a variable frequency drive (VFD) to modulate 
supply fan speed and vary system airflow. The most common 
strategy for controlling the VFD is to measure and maintain 
static pressure within the duct. 
E 805.7.1 Test Procedure. The procedure for per- 
forming a functional test for supply fan variable controls 
shall be in accordance with Section E 805.7.1.1 and Sec- 
tion E 805.7.1.2. 
E 805.7.1.1 Construction Inspection. Prior to 
functional testing, verify and document the follow- 
ing: 
(1) Supply fan controls modulate to increase capac- 
ity. 
(2) Supply fan maintains discharge static pressure 
within plus or minus 10 percent of the current 
operating set point. 
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(3) Supply fan controls stabilize within a 5 minute 
period. 

E 805.7.1.2 Functional Testing. The functional 

testing shall be in accordance with the following 

steps: 

Step 1: Simulate demand for design airflow. Verify 

and document the following: 

(1) Supply fan controls modulate to increase capac- 
ity. 

(2) Supply fan maintains discharge static pressure 
within plus or minus 10 percent of the current 
operating set point. 

(3) Supply fan controls stabilize within a 5 minute 
period. 

Step 2: Simulate demand for minimum airflow. Ver- 

ify and document the following: 

(1) Supply fan controls modulate to decrease 
capacity. 

(2) Current operating setpoint has decreased (for 
systems with DDC to the zone level). 

(3) Supply fan maintains discharge static pressure 
within plus or minus 10 percent of the current 
operating setpoint. 

(4) Supply fan controls stabilize within a 5 minute 
period. 

Step 3: Restore system to correct operating condi- 

tions. 

E 805.72 Acceptance Criteria. Supply fan variable 

flow controls acceptance criteria shall be as follows: 

(1) Static pressure sensor(s) is factory calibrated (with 
calibration certificate) or field calibrated. 

(2) For systems without DDC controls to the zone level, 
the pressure sensor setpoint is less than one-third of 
the supply fan design static pressure. 

(3) For systems with DDC controls with VAV boxes 
reporting to the central control panel, the pressure 
setpoint is reset by zone demand (box damper posi- 
tion or a trim and respond algorithm). 

At full flow: 

(1) Supply fan maintains discharge static pressure 
within plus or minus 10 percent of the current oper- 
ating control static pressure setpoint. 

(2) Supply fan controls stabilizes within a 5 minute 
period. 

(3) At minimum flow (not less than 30 percent of total 
design flow). 


(4) Supply fan controls modulate to decrease capacity. 


(5) Current operating setpoint has decreased (for sys- 
tems with DDC to the zone level). 

(6) Supply fan maintains discharge static pressure 
within plus or minus 10 percent of the current oper- 
ating setpoint. 
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E 805.8 Valve Leakage (Form MECH-8A). The purpose 
of this test is to ensure that control valves serving variable 
flow systems are designed to withstand the pump pressure 
over the full range of operation. Valves with insufficient actu- 
ators will lift under certain conditions causing water to leak 
through and loss of control. This test applies to the variable 
flow systems, chilled and hot-water variable flow systems, 
chiller isolation valves, boiler isolation valves, and water- 
cooled air conditioner and hydronic heat pump systems. 


E 805.8.1 Test Procedure. The procedure for per- 
forming a functional test for valve leakage shall be in 
accordance with Section E 805.8.1.1 and Section E 
805.8.1.2. 


E 805.8.1.1 Construction Inspection. Prior to 
functional testing, verify and document the valve 
and piping arrangements were installed in accor- 
dance with the design drawings. 


E 805.8.1.2 Functional Testing. The functional 
testing shall be in accordance with the following 
steps: 


Step 1: For each pump serving the distribution sys- 
tem, dead head the pumps using the discharge iso- 
lation valves at the pumps. Document the following: 


(1) Record the differential pressure across the 
pumps. 

(2) Verify that this is within 5 percent of the sub- 
mittal data for the pump. 


Step 2: Reopen the pump discharge isolation valves. 
Automatically close valves on the systems being 
tested. Where three-way valves are present, close off 
the bypass line. Verify and document the following: 


(1) The valves automatically close. 


(2) Record the pressure differential across the 
pump. 

(3) Verify that the pressure differential is within 5 
percent of the reading from Step 1 for the pump 
that is operating during the valve test. 


Step 3: Restore system to correct operating condi- 
tions. 


E 805.8.2 Acceptance Criteria. System has no flow 
where coils are closed and the pump is turned on. 


E 805.9 Supply Water Temperature Reset Controls 
(Form MECH-9A). The purpose of this test is to ensure that 
both the chilled water and hot water supply temperatures are 
automatically reset based on either building loads or outdoor 
air temperature, as indicated in the control sequences. Many 
HVAC systems are served by central chilled and heating hot 
water plants. The supply water operating temperatures shall 
meet peak loads where the system is operating at design con- 
ditions. As the loads vary, the supply water temperatures shall 
be permitted to be adjusted to satisfy the new operating con- 
ditions. The chilled water supply temperature shall be per- 
mitted to be raised as the cooling load decreases, and heating 
hot water supply temperature shall be permitted to be low- 
ered as the heating load decreases. 
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This requirement applies to chilled and hot water sys- 
tems that are not designed for variable flow, and that have a 
design capacity greater than or equal to 500 000 Btu/h (147 
kW). 

E 805.9.1 Test Procedure. The procedure for per- 

forming a functional test for supply water temperature 

reset controls shall be in accordance with Section E 

805.9.1.1 and Section E 805.9.1.2. 


E 805.9.1.1 Construction Inspection. Prior to 
functional testing, verify and document the supply 
water temperature sensors shall be either factory or 
field calibrated. 


E 805.9.1.2 Functional Testing. The functional 
testing shall be in accordance with the following 
steps: 1 

Step 1: Change reset control variable to its maxi- 
mum value. Verify and document the following: 


(1) Chilled or hot water temperature setpoint is 
reset to appropriate value. 


(2) Actual supply temperature changes to meet set- 
point. 


(3) Verify that supply temperature is within 2 per- 
cent of the control setpoint. 


Step 2: Change reset control variable to its minimum 
value. Verify and document the following: 


(1) Chilled or hot water temperature setpoint is 
reset to appropriate value. 


(2) Actual supply temperature changes to meet set- 
point. 


(3) Verify that supply temperature is within 2 per- 
cent of the control setpoint. 


Step 3: Restore reset control variable to automatic 
control. Verify and document the following: 


(1) Chilled or hot water temperature setpoint is 
reset to appropriate value. 


(2) Actual supply temperature changes to meet set- 
point. 


(3) Verify that supply temperature is within 2 per- 
cent of the control setpoint. 


E 805.9.2 Acceptance Criteria. The supply water 
temperature sensors are either factory calibrated (with 
calibration certificates) or field-calibrated. Sensor per- 
formance shall comply with the specifications. The sup- 
ply water reset is operational. 


E 805.10 Hydronic System Variable Flow Controls 
(Form MECH-10A). The purpose of this test is to ensure 
that hydronic variable flow chilled water and water-loop heat 
pump systems with circulating pumps larger than 5 hp (3.7 
kW) vary system flow rate by modulating pump speed using 
a variable frequency drive (VFD) or equivalent. As the loads 
within the building fluctuate, control valves modulate the 
amount of water passing through each coil and add or remove 
the desired amount of energy from the air stream to satisfy 
the load. In the case of water-loop heat pumps, each two-way 
control valve associated with a heat pump will be closed 
where that unit is not operating. As each control valve mod- 
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ulates, the pump variable frequency drive (VFD) responds 
accordingly to meet system water flow requirements. This is 
not required on heating hot water systems with variable flow 
designs or for condensing water serving water cooled chillers. 


E 805.10.1 Test Procedure. The procedure for per- 
forming a functional test for hydronic system variable 
flow controls shall be in accordance with Section E 
805.10.1.1 and Section E 805.10.1.2. 


E 805.10.1.1 Construction Inspection. Prior to 
functional testing, verify and document the pressure 
sensors are either factory or field calibrated. 


E 805.10.1.2 Functional Testing. The functional 
testing shall comply with the following steps: 


Step 1: Open control valves to increase water flow to 
not less than 90 percent design flow. Verify and doc- 
ument the following: 


(1) Pump speed increases. 


(2) System pressure is either within plus or minus 
5 percent of current operating setpoint, or the 
pressure is below the setpoint, and the pumps 
are operating at 100 percent speed. 


(3) System operation shall stabilize within 5 min- 
utes after test procedures are initiated. 


Step 2: Modulate control valves to reduce water 
flow to 50 percent of the design flow or less, but not 
lower than the pump minimum flow. Verify and 
document the following: 


(1) Pump speed decrease. 


(2) Current operating setpoint has decreased (for 
systems with DDC to the zone level). 


(3) Current operating setpoint has not increased 
(for all other systems). 


(4) System pressure is within 5 percent of current 
operating setpoint. 

(5) System operation stabilizes within 5 minutes 
after test procedures are initiated. 


E 805.10.2 Acceptance Criteria. The differential 
pressure sensor is either factory calibrated (with calibra- 
tion certificates) or field calibrated. The pressure sensor 
shall be located at or near the most remote HX or control 
valve. The setpoint system controls shall stabilize. 


E 805.11 Automatic Demand Shed Control (Form 
MECH-11A). The purpose of this test is to ensure that the 
central demand shed sequences have been properly pro- 
grammed into the DDC system. 


E 805.11.1 Test Procedure. The procedure for per- 
forming a functional test for automatic demand shed con- 
trols shall be in accordance with Section E 805.11.1.1 
and Section E 805.11.1.2. 


E 805.11.1.1 Construction Inspection. Prior to 
functional testing, verify and document that the 
EMCS interface enables activation of the central 
demand shed controls. 
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E 805.11.1.2 Functional Testing. The functional 
testing shall comply with the following steps: 


Step 1: Engage the global demand shed system. Ver- 
ify and document the following: 


(1) That the cooling setpoint in noncritical spaces 
increases by the proper amount. 


(2) That the cooling setpoint in critical spaces do 
not change. 


Step 2: Disengage the global demand shed system. 
Verify and document the following: 


(1) That the cooling setpoint in noncritical spaces 
return to their original values. 


(2) That the cooling setpoint in critical spaces do 
not change. 


E 805.11.2 Acceptance Criteria. The control system 
changes the setpoints of noncritical zones on activation 
of a single central hardware or software point then 
restores the initial setpoints where the point is released. 


E 805.12 Fault Detection and Diagnostics (FDD) for 
Packaged Direct-Expansion (DX) Units (Form 
MECH-12A). The purpose of this test is to verify proper fault 
detection and reporting for automated fault detection and 
diagnostics systems for packaged units. Automated FDD sys- 
tems ensure proper equipment operation by identifying and 
diagnosing common equipment problems such as improper 
refrigerant charge, low airflow, or faulty economizer opera- 
tion. Qualifying FDD systems receive a compliance credit 
where using the performance approach. A system that does 
not meet the eligibility requirements shall be permitted to be 
installed, but no compliance credit will be given. 


E 805.12.1 Test Procedure. The procedure for per- 
forming a functional test for fault detection and diag- 
nostics (FDD) for packaged direct-expansion (DX) units 
shall be in accordance with Section E 805.12.1.1 and 
Section E 805.12.1.2. 


E 805.12.1.1 Construction Inspection. Prior to 
functional testing, verify and document that the FDD 
hardware is installed on equipment by the manufac- 
turer, and that equipment make and model include 
factory-installed FDD hardware that match the 
information indicated on copies of the manufac- 
turer’s cut sheets and on the plans and specifications. 


This procedure applies to fault detection and 
diagnostics (FDD) system for direct-expansion 
packaged units containing the following features: 
(1) The unit shall include a factory-installed econ- 


omizer and shall limit the economizer dead 
band to not more than 2°F (-17°C). 

(2) The unit shall include direct-drive actuators on 
outside air and return air dampers. 


(3) The unit shall include an integrated economizer 
with either differential drybulb or differential 
enthalpy control. 
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(4) 


(5 


— 


(6) 


(7 


—_ 


(8) 


The unit shall include a low temperature lock- 
out on the compressor to prevent coil freeze-up 
or comfort problems. 


Outside air and return air dampers shall have 
maximum leakage rates in accordance to this 
appendix. 


The unit shall have an adjustable expansion 
control device such as a thermostatic expansion 
valve (TXV). 


To improve the ability to troubleshoot charge 
and compressor operation, a high-pressure 
refrigerant port will be located on the liquid 
line. A low-pressure refrigerant port will be 
located on the suction line. 


The following sensors shall be permanently 
installed to monitor system operation, and the 
controller shall have the capability of displaying 
the value of each parameter: 


(a) Refrigerant suction pressure 
(b) Refrigerant suction temperature 
(c) Liquid line pressure 
(d) Liquid line temperature 
(e) Outside air temperature 
(f) Outside air relative humidity 
(g) Return air temperature 
(h) Return air relative humidity 
(i) Supply air temperature 
(j) Supply air relative humidity 
The controller will provide system status 
by indicating the following conditions: 
(1) Compressor enabled 
(2) Economizer enabled 
(3) Free cooling available 
(4) Mixed air low limit cycle active 
(5) Heating enabled 


The unit controller shall have the capabil- 
ity to manually initiate each operating mode so 
that the operation of compressors, economizers, 
fans, and heating system can be independently 
tested and verified. 


E 805.12.1.2 Functional Testing. The functional 


testing shall be in accordance with the following 


steps: 


Step 1: Test low airflow condition by replacing the 


existing filter with a dirty filter or appropri- 
ate obstruction. 


Step 2: Verify that the fault detection and diagnos- 


tics system reports the fault. 


Step 3: Verify that the system is able to verify the 


correct refrigerant charge. 


Step 4: Calibrate outside air, return air, and supply 
air temperature sensors. 


E 805.12.2 Acceptance Criteria. The system is able 
to detect a low airflow condition and report the fault. The 
system is able to detect where refrigerant charge is low 
or high and the fault is reported. 


E 805.13 Automatic Fault Detection Diagnostics 
(FDD) for Air Handling Units (AHU) and Zone Termi- 
nal Units (Form MECH-13A). The purpose of this test is 
to verify that the system detects common faults in air han- 
dling units and terminal units. FDD systems for air handling 
units and zone terminal units require DDC controls to the 
zone level. Successful completion of this test provides a com- 
pliance credit where using the performance approach. An 
FDD system that does not pass this test shall be permitted to 
be installed, but no compliance credit will be given. 
E 805.13.1 Test Procedure. The procedure for per- 
forming a functional test for automatic fault detection diag- 
nostics (FDD) for Air Handling Units and Zone Terminal 
Units shall be in accordance with Section E 805.13.1.1. 
E 805.13.1.1 Functional Testing. The functional 
testing shall be in accordance with Section E 
805.13.1.1.1 and Section E 805.13.1.1.2. 

E 805.13.1.1.1 Functional Testing for Air 

Handling Units. The functional testing of 

AHU with FDD controls shall be in accordance 

with the following steps: 

Step 1: Sensor drift/failure: 

(1) Disconnect outside air temperature sensor 
from unit controller. 

(2) Verify that the FDD system reports a fault. 

(3) Connect OAT sensor to the unit controller. 

(4) Verify that FDD indicates normal system 
operation. 

Step 2: Damper/actuator fault: 

(1) From the control system workstation, com- 
mand the mixing box dampers to full open 
(100 percent outdoor air). 

(2) Disconnect power to the actuator and ver- 
ify that a fault is reported at the control 
workstation. 

(3) Reconnect power to the actuator and com- 
mand the mixing box dampers to full open. 

(4) Verify that the control system does not 
report a fault. 

(5) From the control system workstation, com- 
mand the mixing box dampers to a full- 
closed position (0 percent outdoor air). 

(6) Disconnect power to the actuator and ver- 
ify that a fault is reported at the control 
workstation. 

(7) Reconnect power to the actuator and com- 
mand the dampers closed. 
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(8) Verify that the control system does not 
report a fault during normal operation. 


Step 3: Valve/actuator fault: 


(1) From the control system workstation, com- 
mand the heating and cooling coil valves 
to full open or closed, then disconnect 
power to the actuator and verify that a fault 
is reported at the control workstation. 


Step 4: Inappropriate simultaneous heating, 
mechanical cooling, and economizing or all 
functions: 


(1) From the control system workstation, over- 
ride the heating coil valve and verify that a 
fault is reported at the control workstation. 


(2) From the control system workstation, over- 
ride the cooling coil valve and verify that a 
fault is reported at the control workstation. 


(3) From the control system workstation, over- 
ride the mixing box dampers and verify 
that a fault is reported at the control work- 
station. 

E 805.13.1.1.2 Functional Testing for 

Zone Terminal Units. The functional testing 

of one of each type of terminal unit (VAV box) 

in the project not less than 5 percent of the ter- 
minal boxes shall be in accordance with the fol- 
lowing steps: 

Step 1: Sensor drift/failure: 

(1) Disconnect the tubing to the differential 
pressure sensor of the VAV box. 

(2) Verify that control system detects and 
reports the fault. 

(3) Reconnect the sensor and verify proper 
sensor operation. 

(4) Verify that the control system does not 
report a fault. 


Step 2: Damper/actuator fault: 
(1) Damper stuck open. 


(a) Command the damper to full open 
(room temperature above setpoint). 

(b) Disconnect the actuator to the damper. 

(c) Adjust the cooling setpoint so that the 
room temperature is below the cooling 
setpoint to command the damper to the 
minimum position. Verify that the 
control system reports a fault. 

(d) Reconnect the actuator and restore to 
normal operation. 


(2) Damper stuck closed. 


(a) Set the damper to the minimum posi- 
tion. 
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(b) Disconnect the actuator to the damper. 


(c) Set the cooling setpoint below the 
room temperature to simulate a call for 
cooling. Verify that the control system 
reports a fault. 


(d) Reconnect the actuator and restore to 
normal operation. 


Step 3: Valve/actuator fault (for systems with 
hydronic reheat): 


(1) Command the reheat coil valve to full 
open. 

(2) Disconnect power to the actuator. Set the 
heating setpoint temperature to be lower 
than the current space temperature, to com- 
mand the valve closed. Verify that the fault 
is reported at the control workstation. 


(3) Reconnect the actuator and restore normal 
operation. 


Step 4: Feedback loop tuning fault (unstable air- 

flow): 

(1) Set the integral coefficient of the box con- 
troller to a value 50 times the current value. 


(2) The damper cycles continuously and air- 
flow is unstable. Verify that the control 
system detects and reports the fault. 


(3) Reset the integral coefficient of the con- 
troller to the original value to restore nor- 
mal operation. 


Step 5: Disconnected inlet duct: 


(1) From the control system workstation, com- 
mand the damper to full closed; then dis- 
connect power to the actuator, and verify 
that a fault is reported at the control work- 
station. 


E 805.13.2 Acceptance Criteria. The system is able 
to detect common faults with air-handling units, such as 
a sensor failure, a failed damper, an actuator, or an 
improper operating mode. 

The system is able to detect and report common 
faults with zone terminal units, such as a failed damper, 
an actuator, or a control tuning issue. 


E 805.14 Distributed Energy Storage DX AC System 
(Form MECH-14A). The purpose of this test is to verify the 
proper operation of distributed energy storage DX systems. 
Distributed energy systems (DES) reduce peak demand by 
operating during off-peak hours and storing cooling, usually 
in the form of ice. During peak cooling hours the ice is melted 
to avoid compressor operation. The system typically consists 
of a water tank containing refrigerant coils that cool the water 
and convert it to ice. As with a standard direction expansion 
(DX) air conditioner, the refrigerant is compressed in a com- 
pressor and then cooled in an air-cooled condenser. The liq- 
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uid refrigerant then is directed through the coils in the water 

tank to make ice or to air handler coils to cool the building. 

This applies to constant or variable volume, direct expansion 

(DX) systems with distributed energy storage (DES/DXAC). 
E 805.14.1 Test Procedure. The procedure for per- 
forming a functional test for distributed energy storage 
DX AC systems shall be in accordance with Section E 
805.14.1.1 through Section E 805.14.1.3. 

E 805.14.1.1 Construction Inspection. Prior to 

functional testing, verify and document the follow- 

ing: 

(1) The water tank is filled to the proper level. 

(2) The water tank is sitting on a foundation with 
adequate structural strength. 

(3) The water tank is insulated and the top cover is 
in place. 

(4) The DES/DXAC is installed correctly (e.g., 
refrigerant piping, etc.). 

(5) Verify that the correct model number is 
installed and configured. 

E 805.14.1.2 Functional Testing. The functional 

testing shall be in accordance with the following 

steps: 

Step 1: Simulate cooling load during daytime period 

(e.g., by setting time schedule to include actual time 

and placing thermostat cooling setpoint below actual 

temperature). Verify and document the following: 

(1) Supply fan operates continually. 

(2) Where the DES/DXAC has cooling capacity, 
DES/DXAC shall run to meet the cooling 
demand (in ice melt mode). 

(3) Where the DES/DXAC has no ice and there is 
a call for cooling, the DES/DXAC shall run in 
direct cooling mode. 

Step 2: Simulate no cooling load during daytime 

condition. Verify and document the following: 

(1) Supply fan operates in accordance with the 
facility thermostat or control system. 

(2) The DES/DXAC and the condensing unit do 
not run. 

Step 3: Simulate no cooling load during morning 

shoulder time period. Verify and document the fol- 

lowing: 

(1) The DES/DXAC is idle. 

Step 4: Simulate a cooling load during morning 

shoulder time period. Verify and document the fol- 

lowing: 

(1) The DES/DXAC runs in direct cooling mode. 

E 805.14.1.3 Calibrating Controls. Set the 

proper time and date in accordance with the manu- 

facturer’s instructions for approved installers. 


438 


E 805.14.2 Acceptance Criteria. Distributed energy 
storage DXAC system acceptance criteria shall be as fol- 
lows: 

(1) Verify night time ice making operation. 

(2) Verify that tank discharges during on-peak cooling 
periods. 

(3) Verify that the compressor does not run and the tank 
does not discharge where there is no cooling demand 
during on-peak periods. 

(4) Verify that the system does not operate during a 
morning shoulder period where there is no cooling 
demand. 

(5) Verify that the system operates in direct mode (with 
compressor running) during the morning shoulder 
time period. 

E 805.15 Thermal Energy Storage (TES) System 
(Form MECH-15A). The purpose of this test is to verify the 
proper operation of thermal energy storage (TES) systems. 
TES systems reduce energy consumption during peak 
demand periods by shifting energy consumption to nighttime. 
Operation of the thermal energy storage compressor during 
the night produces cooling energy which is stored in the form 
of cooled fluid or ice in tanks. During peak cooling hours the 
thermal storage is used for cooling to prevent the need for 
chiller operation. This section is limited to the following types 
of TES systems: 


(1) Chilled water storage 
(2) Ice-on-coil 
(3) Ice harvester 
(4) Brine 
(5) Ice-slurry 
(6) Eutectic salt 
(7) Clathrate hydrate slurry (CHS) 
E 805.15.1 Test Procedure. The procedure for per- 
forming a functional test for thermal energy storage 
(TES) system shall be in accordance with Section E 
805.15.1.1 and Section E 805.15.1.2. 
E 805.15.1.1 Construction Inspection. Prior to 
functional testing, verify and document the follow- 
ing for the chiller and storage tank: 
(1) Chiller: 
(a) Brand and Model 
(b) Type (centrifugal, reciprocating, other) 
(c) Capacity (tons) (SIZE) 
(d) Starting efficiency (kW/ton) at beginning 
of ice production (COMP - kW/TON - 
START) 
(e) Ending efficiency (kW/ton) at end of ice 
production (COMP - kW/TON/END) 
(f) Capacity reduction (percent/°F) (PER — 
COMP - REDUCT/F) 
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(g) Verify that the efficiency of the chiller 
meets or exceeds the requirements of Sec- 
tion E 501.0. 


(2) Storage Tank: 
(a) Storage type (TES-TYPE) 
(b) Number of tanks (SIZE) 


(c) Storage capacity per tank (ton-hours) 
(SIZE) 


(d) Storage rate (tons) (COOL — STORE - 
RATE) 


(e) Discharge rate (tons) (COOL — SUPPLY - 
RATE) 


(f) Auxiliary power (watts) (PUMPS + AUX - 
kW) 


(g) Tank area (CTANK — LOSS - COEFF) 


(h) Tank insulation (R-Value) (CTANK — 
LOSS — COEFF) 


(3) TES System: 


(a) The TES system is one of the above eligi- 
ble systems. 


(b) Initial charge rate of the storage tanks 
(tons). 
(c) Final charge rate of the storage tank (tons). 
(d) Initial discharge rate of the storage tanks 
(tons). 
(e) Final discharge rate of the storage tank 
(tons). 
(f) Charge test time (hrs). 
(g) Discharge test time (hrs). 
(h) Tank storage capacity after charge (ton- 
hrs). 
(i) Tank storage capacity after discharge (ton- 
hrs). 
(j) Tank standby storage losses (UA). 
(k) Initial chiller efficiency (kW/ton) during 
charging. 
(1) Final chiller efficiency (kW/ton) during 
charging. 
E 805.15.1.2 Functional Testing. The functional 
testing shall be in accordance with the following 
steps: 


Step 1: Verify that the TES system and the chilled 
water plant is controlled and monitored by an energy 
management system (EMS). 


Step 2: Force the time to be between 9:00 p.m. and 
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unless a portion of the ice has been melted. The con- 
trols designer shall be permitted to use an inventory 
meter (a 4-20 mA sensor that indicates water level) 
to determine whether or not ice-making can com- 
mence (e.g., not allow ice-making unless the inven- 
tory meter signal is less than 17 mA). Where this is 
the case, this limit can be reset to 20 mA during test- 
ing to allow ice making to occur. 


Verify that the TES system starts charging 
(storing energy). This shall be checked by verifying 
flow and inlet and outlet temperatures of the storage 
tank, or directly by reading an inventory meter 
where the system has one. 


Step 3: Force the time to be between 6:00 p.m. and 
9:00 p.m., and simulate a partial charge on the tank. 
Simulate a cooling load by setting the indoor tem- 
perature setpoint lower than the ambient tempera- 
ture. Verify that the TES system starts discharging. 
This shall be checked by observing tank inlet and 
outlet temperatures and system flow, or directly by 
reading an inventory meter where the system has 
one. Where the system has no charge, verify that the 
system will still attempt to meet the load through 
storage. 


Step 4: Force the time to be between noon and 6:00 
p.m., and simulate a cooling load by lowering the 
indoor air temperature setpoint below the ambient 
temperature. Verify that the tank starts discharging 
and the compressor is off. 


Step 5: Force the time to be between 9:00 a.m. to 
noon, and simulate a cooling load by lowering the 
indoor air temperature setpoint below the ambient 
temperature. Verify that the tank does not discharge 
and the cooling load is met by the compressor. 


Step 6: Force the time to be between 9:00 p.m. and 
9:00 a.m. and simulate a full tank charge. This can 
be done in a couple of ways: 


(1) By changing the inventory sensor limit that 
indicates tank capacity to the energy manage- 
ment system so that it indicates a full tank. 


(2) By resetting the coolant temperature that indi- 
cates a full charge to a higher temperature than 
the current tank leaving temperature. Verify that 
the tank charging is stopped. 


Step 7: Force the time to be between noon and 6:00 
p.m. and simulate no cooling load by setting the 
indoor temperature setpoint above the ambient tem- 
perature. Verify that the tank does not discharge and 
the compressor is off. 


E 805.15.2 Acceptance Criteria. Thermal energy 


9:00 a.m. h an: 
Op pia end staulate,s baal cr no charge of the storage (TES) system acceptance criteria shall be as fol- 


tank. Simulate no cooling load by setting the indoor 


temperature setpoint(s) higher than the ambient tem- lows: 
perature. (1) Verify that the system is able to charge the storage 
Where the tank is full or nearly full of ice, it bre ae off-peak periods where there is no cool- 
ing load. 


shall be permitted to adjust the control settings for 1 
this test. In some cases, the control system will not (2) Verify that tank discharges during on-peak cooling 
permit the chiller to start the ice-making process periods. 
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(3) Verify that the compressor does not run and the tank 
does not discharge where there is no cooling demand 
during on-peak periods. 

(4) Verify that the system does not operate during a 
morning shoulder period where there is no cooling 
demand. 


(5) Verify that the system operates in direct mode (with 
compressor running) during the morning shoulder 
time period. 


E 806.0 Certificate of Acceptance Forms. 


E 806.1 General. This section includes the certificate of 
acceptance forms referenced in Section E 804.0 and Section 
E 805.0. 
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CERTIFICATE OF ACCEPTANCE MECH-2A 


Outdoor Air Acceptance (Page 1 of 3) 


Project Name/Address: 


System Name or Identification/Tag: System Location or Area Served: 


Enforcement Agency: Permit Number: a DhiiG joyararay Tha | 


Note: Submit one Certificate of Acceptance for each system that Enforcement Agency Use: Checked by/Date 
must demonstrate compliance. 


FIELD TECHNICIAN’S DECLARATION STATEMENT 

* I certify under penalty of perjury the information provided on this form is true and correct. 

¢ | am the person who performed the acceptance requirements verification reported on this Certificate of Acceptance (Field 
Technician). 

* I certify that the construction/installation identified on this form complies with the acceptance requirements indicated in 
the plans and specifications approved by the enforcement agency, and conforms to the applicable acceptance requirements 
and procedures specified in Section E 801.0 through Section E 806.0. 

¢ I have confirmed that the Installation Certificate(s) for the construction/installation identified on this form has been 
completed and is posted or made available with the building permit(s) issued for the building. 


Company Name: | 


Field Technician’s Name: : __|Field Technician’s Signature: — | 
| | 


~ |Date Signed: a als! with Company (Title): | 


|| = 


RESPONSIBLE PERSON’S DECLARATION STATEMENT 

* I certify under penalty of perjury that [am the Field Technician, or the Field Technician is acting on my behalf as my 
employee or my agent and I have reviewed the information provided on this form. 

* I ama licensed contractor or registered design professional who is eligible per the requirements of the Authority Having 
Jurisdiction to take responsibility for the scope of work specified on this document and attest to the declarations in this state- 
ment (responsible person). 

* I certify that the information provided on this form substantiates that the construction/installation identified on this form 
complies with the acceptance requirements indicated in the plans and specifications approved by the enforcement agency, and 
conforms to the applicable acceptance requirements and procedures specified in Section E 801.0 through Section E 806.0. 

¢ | have confirmed that the Installation Certificate(s) for the construction/installation identified on this form has been 
completed and is posted or made available with the permit(s) issued for the building. 

¢ I will ensure that a completed, signed copy of this Certificate of Acceptance shall be posted, or made available with the 
building permit(s) issued for the building, and made available to the enforcement agency for all applicable inspections. I 
understand that a signed copy of this Certificate of Acceptance is required to be included with the documentation the 
builder provides to the building owner at occupancy. 


‘Company Name: — Phone: 


Responsible Person’s Name: Responsible Person’s Signature: 


License: Date Signed: Position With Company (Title): 
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CERTIFICATE OF ACCEPTANCE MECH-2A € 
Outdoor Air Acceptance (Page 2 of 3) 


Project Name/Address: 


System Name or Identification/Tag: System Location or Area Served: 


patent through Section E 805.2.2 | 


. 
j 


Construction Inspection 


Instrumentation to perform test includes, but not limited to: 
a. Watch. 
b. Calibrated means to measure airflow. 


2. Check one of the following: 


[ Variable Air Volume (VAV) - Check as appropriate: 


a. Sensor used to control outdoor air flow must have calibration certificate or be field calibrated. 
O Calibration certificate (attach calibration certification). 
[] Field calibration (attach results). 
[ Constant Air Volume (CAV) - Check as appropriate: 


[) System is designed to provide a fixed minimum OSA when the unit is on. 


Outdoor Air Acceptance 


A. Functional Testing. (Check appropriate column) ; € 
Verify unit is not in economizer mode during test - check appropriate column. 

Step 1: CAV and VAV testing at full supply airflow. 
Adjust supply to achieve design airflow. 
Measured outdoor airflow reading (ft/min). = s—s—S 


Required outdoor airflow (ft?/min). 
Time for outside air damper to stabilize after VAV boxes open (minutes). 
Return to initial conditions (check). 


Adjust supply airflow to either the sum of the minimum zone airflows or 30% of the total design airflow. 


Measured outdoor airflow reading (ft*/min). 


fit | Required outdoor airflow (ft?/min). 


Time for outside air damper to stabilize after VAV boxes open and minimum air 
flow achieved (minutes). 


Return to initial conditions (check). 


Percent OSA at full supply airflow (“OAg, for Step 1). 


b. 90% <%0Ag, < 110% — 
c. Outside air damper position stabilizes within 15 minutes (Step 1d < 15 minutes) 
Percent OSA at reduced supply airflow (“oOA,, for Step 2). 


a. %OArg, = Measured outside air reading /Required outside air (Step 1b / Step Ic) 


“OAR, = Measured outside air reading/required outside air (Step 2b / Step 2c). 
90% < MOARA < 110%. sg SS — Oe a a OE ne tpn tn re Se = ys 


Outside air damper position stabilizes within 15 minutes (Step 2d < 15 minutes). 


Note: Shaded boxes do not apply for CAV systems. 


For SI units: | cubic foot per minute = 0.00047 m°/s 
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8 CERTIFICATE OF ACCEPTANCE MECH-2A 
Outdoor Air Acceptance (Page 3 of 3) 
Project Name/Address: 

System Name or Identification/Tag: System Location or Area Served: 


C. 'PASS/FAIL Evaluation (check one): 


~ PASS: All Construction Inspection responses are complete and Testing Calculations & Results responses are posi- 
itive (Y — yes). 


O 


FAIL: Any Construction Inspection responses are incomplete OR there is one or more negative (N — no) responses 


in Testing Calculations & Results section. Provide explanation below. Use and attach additional pages if necessary 
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CERTIFICATE OF ACCEPTANCE MECH-3A 


Constant Volume Single Zone Unitary Air Conditioner and Heat Pump Systems (Page 1 of 3) 


Project Name/Address: 


System Name or Identification/Tag: System Location or Area Served: 


esr a eS . aes 

| Permit Number: | 
| Note: Submit one Certificate of Acceptance for each system that ‘Enforcement Agency Use: Checked by/Date 
must demonstrate compliance. 


FIELD TECHNICIAN’S DECLARATION STATEMENT 

¢ I certify under penalty of perjury the information provided on this form is true and correct. 

* I am the person who performed the acceptance requirements verification reported on this Certificate of Acceptance (Field 
Technician). 

¢ I certify that the construction/installation identified on this form complies with the acceptance requirements indicated in 
the plans and specifications approved by the enforcement agency, and conforms to the applicable acceptance requirements 
and procedures specified in Section E 801.0 through Section E 806.0. 

¢ I have confirmed that the Installation Certificate(s) for the construction/installation identified on this form has been 
completed and is posted or made available with the building permit(s) issued for the building. 


Enforcement Agency: 


Company Name: 


Field Technician’s Name: Field Technician’s Signature: 
Date Signed: = ~—_| Position with Company (Title): 


RESPONSIBLE PERSON’S DECLARATION STATEMENT 

* I certify under penalty of perjury that I am the Field Technician, or the Field Technician is acting on my behalf as my 
employee or my agent and I have reviewed the information provided on this form. 

* Tama licensed contractor or registered design professional who is eligible per the requirements of the Authority Having 
Jurisdiction to take responsibility for the scope of work specified on this document and attest to the declarations in this state- 
ment (responsible person). 

* I certify that the information provided on this form substantiates that the construction/installation identified on this form 
complies with the acceptance requirements indicated in the plans and specifications approved by the enforcement agency, 
and conforms to the applicable acceptance requirements and procedures specified in Section E 801.0 through Section E 806.0. 

* I have confirmed that the Installation Certificate(s) for the construction/installation identified on this form has been 
completed and is posted or made available with the permit(s) issued for the building. 

* I will ensure that a completed, signed copy of this Certificate of Acceptance shall be posted, or made available with the 
building permit(s) issued for the building, and made available to the enforcement agency for all applicable inspections. I 
understand that a signed copy of this Certificate of Acceptance is required to be included with the documentation the builder 
provides to the building owner at occupancy. 


me Bhome: 


‘Responsible Person’s Name: | Responsible Person’s Signature: 


License: Date Signed: Position With Company (Title): 


‘Company Name: 


| 
i 
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CERTIFICATE OF ACCEPTANCE MECH-3A 


Constant Volume Single Zone Unitary Air Conditioner and Heat Pump Systems (Page 2 of 3) 


Project Name/Address: 


System Name or Identification/Tag: System Location or Area Served: 


Verify the individual components of a constant volume, single-zone, unitary air conditioner and heat pump system func- | 


Intent: eae ' foot paced } , 
tion correctly, including: thermostat installation and programming, supply fan, heating, cooling, and damper operation. | 


Construction Inspection 
Instrumentation to perform test includes, but not limited to: 
a. None required 
Installation 
[1 Thermostat is located within the space-conditioning zone that is served by the HVAC system. 
Programming (check all of the following): 
[1 Thermostat meets the temperature adjustment and dead band requirements. 
Occupied, unoccupied, and holiday schedules have been programmed per the facility’s schedule. 


[1 Preoccupancy purge has been programmed to meet the requirements of Section E 805.3 through Section E 805.3.2. 


A. Functional Testing Requirements. Operating Modes 
Cooling load during unoccupied condition 
3 Cooling load during occupied condition 


No-load during unoccupied condition 
Heating load during unoccupied condition 
No-load during occupied condition 
Heating load during occupied condition 


Step 1: Check and verify the following for each simulation mode required. 


Supply fan operates continually. 


No cooling is provided by the unit. 
Compressor stages on. 


B. Testing Results 


Indicate if Passed (P), Failed (F), or N/A (X), fill in appropriate letter. 
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System Name or Identification/Tag: 


PASS/FAIL Evaluation. (check one): 


a O PASS: All Construction Inspection responses are complete and 


FAIL: Any Construction Inspection responses are incomplete OR there is one or more “Fail” (F) responses in 
| Testing Results section. Provide explanation below. Use and attach additional pages if necessary. 
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CERTIFICATE OF ACCEPTANCE MECH-4A 


Air Distribution Systems Acceptance (Page 1 of 3) 


Project Name/Address: 


System Name or Identification/Tag: System Location or Area Served: 


Enforcement Agency: | ~ |Permit Number: | 
Note: Submit one Certificate of Acceptance for each svstem that ‘Enforcement Agency Use: Checked by/Date | 
must demonstrate compliance. | | 


FIELD TECHNICIAN’S DECLARATION STATEMENT 

¢ I certify under penalty of perjury the information provided on this form is true and correct. 

* I am the person who performed the acceptance requirements verification reported on this Certificate of Acceptance (Field 
Technician). 

* I certify that the construction/installation identified on this form complies with the acceptance requirements indicated in 
the plans and specifications approved by the enforcement agency, and conforms to the applicable acceptance requirements 
and procedures specified in Section E 801.0 through Section E 806.0. 

* | have confirmed that the Installation Certificate(s) for the construction/installation identified on this form has been 
completed and is posted or made available with the building permit(s) issued for the building. 


Company Name: 

IF ield Technician’s Name: |F ield Technician’s Signature: : , 
ee BB Date Signed; uum: neut | Bost atibat Company (Title): 

RESPONSIBLE PERSON'S DECLARATIONSTATEMENT = 


* I certify under penalty of perjury that I am the Field Technician, or the Field Technician is acting on my behalf as my 
employee or my agent and I have reviewed the information provided on this form. 

¢ I ama licensed contractor or registered design professional who is eligible per the requirements of the Authority Having 
Jurisdiction to take responsibility for the scope of work specified on this document and attest to the declarations in this state- 
ment (responsible person). 

* I certify that the information provided on this form substantiates that the construction/installation identified on this form 
complies with the acceptance requirements indicated in the plans and specifications approved by the enforcement agency, and 
conforms to the applicable acceptance requirements and procedures specified in Section E 801.0 through Section E 806.0. 

* I have confirmed that the Installation Certificate(s) for the construction/installation identified on this form has been 
completed and is posted or made available with the permit(s) issued for the building. 

¢ I will ensure that a completed, signed copy of this Certificate of Acceptance shall be posted, or made available with the 
building permit(s) issued for the building, and made available to the enforcement agency for all applicable inspections. | 
understand that a signed copy of this Certificate of Acceptance is required to be included with the documentation the builder 
provides to the building owner at occupancy. 


‘Company Name: , ~ 7 er anor gien a. ‘Phone: ; 
| 


Responsible Person’s Name: ‘Responsible Person’s Signature: 
| 


L 
License: Date Signed: Position With Company (Title): 
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APPENDIX E 


CERTIFICATE OF ACCEPTANCE MECH-4A 


Air Distribution Systems Acceptance (Page 2 of 3) 


Project Name/Address: 


System Name or Identification/Tag: System Location or Area Served: 


Intent: 


Section E 805,4.2. 


Construction Inspection 


1. Scope of test — New Buildings — this test required on New Buildings only if all check boxes 1(a) through 1(c) are 
checked. 
Existing Buildings — this test required if 1(a) through 1(d) are checked. 
Ductwork conforms to the following (note if any of these are not checked, then this test is not required): 
[ (a) Connected to a constant volume, single zone air conditioners, heat pumps, or furnaces. 
[ =1(b) Serves less than 5000 square feet of floor area. 
( 1 (c) Has more than 25% duct surface area located in one or more of the following spaces. 
~ Outdoors. 
—A space directly under a roof where the U-factor of the roof is greater than U-factor of the ceiling. 
~- A space directly under a roof with fixed vents or openings to the outside or unconditioned spaces. 
—An unconditioned crawl space. 
~ Other unconditioned spaces. 
[ 1(d) A duct is extended or any of the following replaced: air handler, outdoor condensing unit of a split 
system, cooling or heating coil, or the furnace heat exchanger. 
2. Instrumentation to perform test includes: 
a. Duct Pressure Test. 
3. Material and Installation. Complying new duct systems shall have a checked box for all of the following categories (a) 
through (g): 
a. Choice of drawbands. (check one of the following) 
[1 Stainless steel worm-drive hose clamps. 


- 1 UV-resistant nylon duct ties. 


. Flexible ducts are not constricted in any way. 


c. Duct leakage tests performed before access to ductwork and connections are blocked. 


'd. Joints and seams are not sealed with cloth back rubber adhesive tape unless used in combination with mastic 

_ and drawbands. 

'e. Duct R-values are verified R-8 per Section E 805.4 through Section E 805.4.2. 

'f. Ductwork located outdoors has insulation that is protected from damage and suitable for outdoor service. 

g. Asticker has been affixed to the exterior surface of the air handler access door per Section E 805.4 through _ 
Section E 805.4.2. 


For SI units: 1 square foot = 0.0929 m 
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APPENDIX E 


CERTIFICATE OF ACCEPTANCE MECH-4A 


Air Distribution Systems Acceptance (Page 3 of 3) 
Project Name/Address: 


System Name or Identification/Tag: System Location or Area Served: 


Air Distribution System Leakage Diagnostic. 

The installing contractor must pressure test every new HVAC systems that meet the requirements of Section E 805.4 through 
Section E 805.4.2 and every retrofit to existing HVAC systems that meet the requirements of Section E 805.4 through Section 
E 805.4.2. 

RAT a D pias FL well aki 0 all at : Measured Values 


l@ Cc ane eae (for all units bal tee only cen in tons. — 


‘(b) Heating capacity (for heating only units) kBtuw/ h. 


-|Fan flow calculation 
(a) Cooling capacity in tons [ ul field ies (Line # 1a) x 400 ft?/min/ton]. 

(b) Heating only cap. kBtu/h [ (Line # 1b) x 21.7 f/min/kBtu/h]. 
‘Total calculated supply fan flow 2(a) or 2(b) ft?/min. 


NEW CONSTRUCTION OR ENTIRE NEW DUCT SYSTEM ALTER: ATION: 
/Duct pressurization test results (ft?/min n@ 25 Pa). 


. |Enter tested leakage flow in ft/min: | 
’|Pass if leakage percentage <6%: [(Line #4)/_____ (Line #3)]x 100.—“(<‘“‘(C”)”)””S”*é«S% Pass DD Fail 
ALTERATIONS: Pre-existing duct system with duct alteration and/or HVAC equipment change-out. 


6. |Enter tested leakage flow (cubic feet per minute): Pre-test of existing duct system 
prior to duct system alteration, equipment change-out, or both. 


Enter tested leakage flow (cubic feet per minute): Final test of new duct system or 

altered duct system for duct system alteration, equipment change-out, or both. 

TEST OR VERIFICATION STANDARDS: For altered duct system and/or HVAC Sain change- out use one of 
the following three tests or verification standards for compliance: 


Pass if leakage percentage <15% 

i[ (Line # 7) / (Line # 3)] x 100_ 

‘Pass if leakage reduction places 60% fal o 
eae utes = au ged set cae 4. x 100 _ 


%; (1 Pass O Fail 


| (1) Pass 0 Fail 


‘tion by HERS 1 rater hearts rate 5 100%)" oO pgniblaeail 


Pass if One of Lines #8 PUNE D #10 Pass, re O Pass O Fail 
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APPENDIX E 


CERTIFICATE OF ACCEPTANCE MECH-5A 


Air Economizer Controls Acceptance (Page 1 of 3) 


Project Name/Address: 


System Name or Identification/Tag: System Location or Area Served: 


‘Enforcement Agency: Permit Number: 
Note: Submit one Certificate of Acceptance for each system that Enforcement Agency Use: Checked by/Date 
must demonstrate compliance. 


FIELD TECHNICIAN’S DECLARATION STATEMENT 

¢ I certify under penalty of perjury the information provided on this form is true and correct. 

* I am the person who performed the acceptance requirements verification reported on this Certificate of Acceptance (Field 
Technician). 

¢ I certify that the construction/installation identified on this form complies with the acceptance requirements indicated in 
the plans and specifications approved by the enforcement agency, and conforms to the applicable acceptance requirements 
and procedures specified in Section E 801.0 through Section E 806.0. 

¢ | have confirmed that the Installation Certificate(s) for the construction/installation identified on this form has been 
completed and is posted or made available with the building permit(s) issued for the building. 


Company Name: 


Field Technician’s Name: |Field Technician’s Signature: 
| 


[Date Signed: —~—_ Position with Company (Title): _ 
| 


os, | ee ee ee ee ee ee eS Ste tS £3. 25.5.2... 5.3 


RESPONSIBLE PERSON’S DECLARATION STATEMENT 

¢ I certify under penalty of perjury that I am the Field Technician, or the Field Technician is acting on my behalf as my 
employee or my agent and I have reviewed the information provided on this form. 

* Lam a licensed contractor or registered design professional who is eligible per the requirements of the Authority Having 
Jurisdiction to take responsibility for the scope of work specified on this document and attest to the declarations 1n this state- 
ment (responsible person). 

* I certify that the information provided on this form substantiates that the construction/installation identified on this form 
complies with the acceptance requirements indicated in the plans and specifications approved by the enforcement agency, and 
conforms to the applicable acceptance requirements and procedures specified in Section E 801.0 through Section E 806.0. 

* I have confirmed that the Installation Certificate(s) for the construction/installation identified on this form has been 
completed and is posted or made available with the permit(s) issued for the building. 

* I will ensure that a completed, signed copy of this Certificate of Acceptance shall be posted, or made available with the 
building permit(s) issued for the building, and made available to the enforcement agency for all applicable inspections. I 
understand that a signed copy of this Certificate of Acceptance is required to be included with the documentation the builder 
provides to the building owner at occupancy. 


‘Company Name: Phone: 
| | 


‘Responsible Person’s Name: Responsible Person’s Signature: 


‘License: Date Signed: Position With Company (Title): | 


ler 2 = = 
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APPENDIX E 


MECH-5A 
(Page 2 of 3) 


Instrumentation to perform test includes, but not limited to: 
a. Handheld temperature probes calibration. 
Date: (must be within last year). 
b. Multimeter capable of measuring ohms and milliamps. 
Test method (check one of the following): 
{] Economizer comes from HVAC system manufacturer installed by and has been factory calibrated and tested. 
Attach documentation and complete certification statement. No functional testing required. 
O Economizer field installed and field tested or factory installed and field tested. 
Installation (check all of the following first level boxes). 
Economizer lockout setpoint complies with Section E 805.5 through Section E 805.5.2. 
Economizer lockout control sensor is located to prevent false readings. 
System is designed to provide up to 100% outside air without over-pressurizing the building. 
For systems with DDC controls lockout sensor(s) are either factory calibrated or field calibrated. 
For systems with non-DDC controls, manufacturer’s startup and testing procedures have been applied. 


Step 2: Enable the economizer and simulate a cooling demand large enough to drive the economizer fully open 
(check and verify the following). 


Where applicable, verify that the economizer remains 100% open when the cooling demand can no longer be met by 
the economizer alone. 
All applicable fans and dampers operate as intended to maintain building pressure. 


[ The unit heating is disabled. 
Step 3: Simulate a cooling load and disable the economizer (check and verify the following). 


[ Economizer damper closes to its minimum position. 


O Allapplicable fans and dampers operate as intended to maintain building pressure. _ 


[) The unit heating is disabled. 
Step 4: Simulate a heating demand and enable the economizer (check and verify the following). 
{1 Economizer damper closes to its minimum position. 


Step 5: System returned to initial operating conditions. 


B. Testing Results. PASS / FAIL 


Step 1: Simulate cooling load and enable the economizer (all check boxes are complete). — sneer 


Step 2: Simulate cooling load and disable the economizer (all check boxes are complete). 
2022 CALIFORNIA MECHANICAL CODE 451 


Step 3: Simulate heating demand and enable the economizer (all check boxes are complete). 


APPENDIX E 


CERTIFICATE OF ACCEPTANCE 
Air Economizer Controls Acceptance 


MECH-5A 


(Page 3 of 3) 
Project Name/Address: 


System Name or Identification/Tag: System Location or Area Served: 


C. PASS/FAIL Evaluation (check one): 


O_s~PASS: All Construction Inspection responses are complete and Testing Results responses are “Pass.” 
Oo FAIL: Any Construction Inspection responses are incomplete OR there is one or more “Fail” responses in Testing 
‘Results section. Provide explanation below. Use and attach additional pages if necessary. 
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APPENDIX E 


CERTIFICATE OF ACCEPTANCE MECH-6A 


Demand Control Ventilation Systems Acceptance (Page 1 of 3) 


Project Name/Address: 


System Name or Identification/Tag: System Location or Area Served: 


‘Enforcement Agency: Permit Number: 


Note: Submit one Certificate of A cceptance. for each system that Enforcement Agency Use: Checked by/Date 


prest demonstrate compliance. 


FIELD TECHNICIAN’S DECLARATION STATEMENT 

* I certify under penalty of perjury the information provided on this form is true and correct. 

¢ Iam the person who performed the acceptance requirements verification reported on this Certificate of Acceptance (Field 
Technician). 

¢ I certify that the construction/installation identified on this form complies with the acceptance requirements indicated in 
the plans and specifications approved by the enforcement agency, and conforms to the applicable acceptance requirements 
and procedures specified in Section E 801.0 through Section E 806.0. 

¢ | have confirmed that the Installation Certificate(s) for the construction/installation identified on this form has been 
completed and is posted or made available with the building permit(s) issued for the building. 


Company Name: 


Field Technician’s Name: Field Technician’s Signature: 


~'Position with Company (Title; 


* I certify under penalty of perjury that | am the Field Technician, or the Field Technician is acting on my behalf as my 
employee or my agent and I have reviewed the information provided on this form. 

¢ I ama licensed contractor or registered design professional who 1s eligible per the requirements of the Authority Having 
Jurisdiction to take responsibility for the scope of work specified on this document and attest to the declarations in this state- 
ment (responsible person). 

* I certify that the information provided on this form substantiates that the construction/installation identified on this form 
complies with the acceptance requirements indicated in the plans and specifications approved by the enforcement agency, and 
conforms to the applicable acceptance requirements and procedures specified in Section E 801.0 through Section E 806.0. 

¢ I have confirmed that the Installation Certificate(s) for the construction/installation identified on this form has been 
completed and is posted or made available with the permit(s) issued for the building. 

¢ I will ensure that a completed, signed copy of this Certificate of Acceptance shall be posted, or made available with the 
building permit(s) issued for the building, and made available to the enforcement agency for all applicable inspections. | 
understand that a signed copy of this Certificate of Acceptance is required to be included with the documentation the builder 
provides to the building owner at occupancy. 


etree “att _ a: - ma ee — Sa as 


Responsible Person’s Name: ‘Responsible Person’s Signature: 


PE a } a : : 
License: Date Signed: Position With Company (Title): 
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APPENDIX E 


CERTIFICATE OF ACCEPTANCE MECH-6A 


Demand Control Ventilation Systems Acceptance (Page 2 of 3) 


Project Name/Address: 


System Name or Identification/Tag: System Location or Area Served: 


Verify that systems required to employ demand controlled ventilation can vary outside ventilation flow rates based on 
maintaining interior carbon dioxide (CO) concentration setpoints. 


At ph ad: SO A eB ee ee ee ee a ee 
‘an j LOTT 


Construction Inspection 


1. Instrumentation to perform test includes, but not limited to: 
a. Calibrated handheld CO, analyzer. 
b. Manufacturer’s calibration kit. 
c. Calibrated CO,/air mixtures. 
Installation. 
[1 The sensor is located in the high density space between 3 feet and 6 feet above the floor or at the anticipated level 
of the occupants heads. 


Intent: 


Documentation of all carbon dioxide control sensors includes (check one of the following): 
a. Calibration method. 
[Cl] Factory-calibration certificate (certificate must be attached). 
CO Field calibrated. 
b. Sensor accuracy. 
[ Certified by manufacturer to be no more than +/- 75 ppm calibration certificate must be attached. 


A. Functional Testing. | Results 


a. Disable economizer controls. 


b. Outside air CO, concentration (select one of the following). 


[1 Measured dynamically using CO, sensor. 


. Interior CO, concentration setpoint (Outside CO, concentration + 600 ppm). 
Step 1: Simulate a signal at or slightly above the CO, setpoint or follow manufacturers recommended testing proce- 
dures. 
[) For single zone units, outdoor air damper modulates opens to satisfy the total ventilation air called for in the certificate 
of compliance. 


O For multiple zone units, either outdoor air damper or zone damper modulate open to satisfy the zone ventilation 
requirements. 


Step 2: Simulate signal well below the CO, setpoint or follow manufacturers recommended procedures. 


[] For single zone units, outdoor air damper modulates to the design minimum value. 


O For multiple zone units, either outdoor air damper or zone damper modulate to satisfy the reduced zone ventilation 
requirements. 
Step 3: System returned to initial operating conditions. 


B. Testing Results. | PASS / FAIL 
Step |: Simulate a high CO, load (check box complete). 


Step 2: Simulate a low CO, load (check box complete). 


For SI units: | inch = 25.4 mm 
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APPENDIX E 


CERTIFICATE OF ACCEPTANCE MECH-6A 
Demand Control Ventilation Systems Acceptance (Page 3 of 3) 


Project Name/Address: 


System Name or Identification/Tag: System Location or Area Served: 


Results section. Provide explanation below. Use and attach additional pages if necessary. 
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APPENDIX E 


CERTIFICATE OF ACCEPTANCE MECH-7A 
Supply Fan VFD Acceptance (Page 1 of 2) 
Project Name/Address: 


System Name or Identification/Tag: System Location or Area Served: 


| Enforcement Agency: 


| | 
om i | a 
| 


FIELD TECHNICIAN’S DECLARATION STATEMENT 

¢ I certify under penalty of perjury the information provided on this form is true and correct. 

* Iam the person who performed the acceptance requirements verification reported on this Certificate of Acceptance (Field 
Technician). 

* I certify that the construction/installation identified on this form complies with the acceptance requirements indicated in 
the plans and specifications approved by the enforcement agency, and conforms to the applicable acceptance requirements 
and procedures specified in Section E 801.0 through Section E 806.0. 

* | have confirmed that the Installation Certificate(s) for the construction/installation identified on this form has been 
completed and is posted or made available with the building permit(s) issued for the building. 


iH - 
Company Name: 


Field Technician’s Name: Field Technician’s Signature: 


"Date Signed: = SS Possition with Company (Title): 


RESPONSIBLE PERSON’S DECLARATION STATEMENT 

* I certify under penalty of perjury that I am the Field Technician, or the Field Technician is acting on my behalf as my 
employee or my agent and I have reviewed the information provided on this form. 

* I am a licensed contractor or registered design professional who is eligible per the requirements of the Authority Having 
Jurisdiction to take responsibility for the scope of work specified on this document and attest to the declarations in this state- 
ment (responsible person). 

* I certify that the information provided on this form substantiates that the construction/installation identified on this form 
complies with the acceptance requirements indicated in the plans and specifications approved by the enforcement agency, and 
conforms to the applicable acceptance requirements and procedures specified in Section E 801.0 through Section E 806.0. 

* I have confirmed that the Installation Certificate(s) for the construction/installation identified on this form has been 
completed and is posted or made available with the permit(s) issued for the building. 

* I will ensure that a completed, signed copy of this Certificate of Acceptance shall be posted, or made available with the building 
permit(s) issued for the building, and made available to the enforcement agency for all applicable inspections. I understand 
that a signed copy of this Certificate of Acceptance is required to be included with the documentation the builder provides to 
the building owner at occupancy. 


‘Company Name: — | Phowe= = ees : 
| | 

Responsible Person’s Name: ~=~=~=~=~—~S™—_ [Responsible Person’s Signature: = st—<C~S~S 
‘License: Date Signed: Position With Company (Title): 
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APPENDIX E 


CERTIFICATE OF ACCEPTANCE MECH-7A 
Supply Fan VFD Acceptance (Page 2 of 2) 


Project Name/Address: 


System Location or Area Served: 


Instrumentation to perform test includes, but not limited to: 
a. Calibrated differential pressure gauge. 
2 Installation. 

( Discharge static pressure sensors are either factory calibrated or field-calibrated. 


[ The static pressure location, setpoint, and reset control meets the requirements of Section E 805.7 through Section 
H'S05.7.2. 


3 Documentation of all discharge static pressure sensors including (check one of the following): 
O Field-calibrated. 


[ Calibration complete, all pressure sensors within 10% of calibrated reference sensor. 
A. Functional Testing. 
Step 1: Drive all VAV boxes to achieve design airflow. 


a. Supply fan controls modulate to increase capacity. 


b. Supply fan maintains discharge static pressure within +/-10% of the current operating setpoint. 


c. Supply fan controls stabilize within a 5 minute period. 
Step 2: Drive all VAV boxes to minimum flow. 


a. Supply fan controls modulate to decrease capacity. 


b. Current operating setpoint has decreased (for systems with DDC to the zone level). 


c. Supply fan maintains discharge static pressure within +/-10% of the current operating setpoint. 
d. Supply fan controls stabilize withina5 minute period. SF ; 


Step 3: System returned to initial operating conditions. 


B. Testing Results. 


Step 1: Drive all VAV boxes to achieve design airflow. 
Step 2: Drive all VAV boxes to minimum flow. 


C. PASS / FAIL Evaluation (check one): 


O| PASS: All Construction Inspection responses are complete and all Testing Results responses are “Pass.” 


FAIL: Any Construction Inspection responses are incomplete OR there is one or more “Fail” responses in Testing 
Results section. Provide explanation below. Use and attach additional pages if necessary. 
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APPENDIX E 


CERTIFICATE OF ACCEPTANCE MECH-8A 


Valve Leakage Test (Page 1 of 2) 
Project Name/Address: 


System Name or Identification/Tag: System Location or Area Served: 


must demonstrate compliance. | i 


FIELD TECHNICIAN’S DECLARATION STATEMENT 
* I certify under penalty of perjury the information provided on this form is true and correct. 
* I am the person who performed the acceptance requirements verification reported on this Certificate of Acceptance (Field 
Technician). 
* I certify that the construction/installation identified on this form complies with the acceptance requirements indicated in 
the plans and specifications approved by the enforcement agency, and conforms to the applicable acceptance requirements 
and procedures specified in Section E 801.0 through Section E 806.0. 
* | have confirmed that the Installation Certificate(s) for the construction/installation identified on this form has been 
completed and is posted or made available with the building permit(s) issued for the building. 


Company Name: 


Field Technician’s Name: Field Technician’s Signature: 


ee ES See | 


_ |Date Signed: ===—_—_— Position with Company (Title): 


RESPONSIBLE PERSON’S DECLARATION STATEMENT 

* I certify under penalty of perjury that I am the Field Technician, or the Field Technician is acting on my behalf as my 
employee or my agent and I have reviewed the information provided on this form. 

* Iam a licensed contractor or registered design professional who is eligible per the requirements of the Authority Having 
Jurisdiction to take responsibility for the scope of work specified on this document and attest to the declarations in this state- 
ment (responsible person). 

* I certify that the information provided on this form substantiates that the construction/installation identified on this form 
complies with the acceptance requirements indicated in the plans and specifications approved by the enforcement agency, and 
conforms to the applicable acceptance requirements and procedures specified in Section E 801.0 through Section E 806.0. 

* | have confirmed that the Installation Certificate(s) for the construction/installation identified on this form has been 
completed and is posted or made available with the permit(s) issued for the building. 

* I will ensure that a completed, signed copy of this Certificate of Acceptance shall be posted, or made available with the 
building permit(s) issued for the building, and made available to the enforcement agency for all applicable inspections. I 
understand that a signed copy of this Certificate of Acceptance is required to be included with the documentation the builder 
provides to the building owner at occupancy. 


Company Name: ee 4 fit ot he ite 4 cad noun Piowe 

| Ne 
‘Responsible Person’s Name: ‘Responsible Person’s Signature: 
| | | 
License: Date Signed: Position With Company (Title): 

| | 

be as = 
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APPENDIX E 


CERTIFICATE OF ACCEPTANCE MECH-8A 
Vaive Leakage Test (Page 2 of 2) 


Project Name/Address: 


System Name or Identification/Tag: System Location or Area Served: 


Ensure that control valves serving variable flow systems are designed to withstand the pump pressure over the full range | 
| = me ae « i | 
of operation. | 


Intent: 


Instrumentation to perform test includes, but not limited to: 

a. Calibrated differential pressure gauge. 

b. Pump curve submittals showing the shutoff head. 

Installation. 

( Valve and piping arrangements were installed per the design drawings. 


A. Functional Testing. Pump Tag (Id) [ bce nnaent eo ll 


Step 1: Determine pump dead head pressure. 

a. Close pump discharge isolation valve. 

b. Measure and record the differential pump pressure. a see ae Feet Water 
Column = 


ce. Record the shutoff head from the submittal. i i sae ie Feet Water 
Column = 


d. The measurement across the pump in step 1b is within 5% of the pump submittal in step Ic. 


e. Open pump discharge isolation valve. 


Step 2: Automatically close all valves on the systems being tested. If three-way valves are present, close off the 
bypass line(s). 
a. The 2-way valves automatically close. 
b. Measure and record the differential pump pressure in feet of water column. | - Feet Water 
Column = 


c. The measurement across the pump in step 2b is within 5% of the measurement in step |b. 
Step 3: System returned to initial operating conditions. 


B. Testing Results. 
Step |: Pressure measurement is within 5% of submittal data for all pumps. 


Step 2: Pressure measurements are within 5%. 


C. PASS / FAIL Evaluation (check one): 


oO PASS: All Construction Inspection responses are complete and all Testing Results responses are “Pass.” 


FAIL: Any Construction Inspection responses are incomplete OR there is one or more “Fail” responses in Testing 
| . : ‘ rest . 
‘Results section. Provide explanation below. Use and attach additional pages if necessary. 


For SI units: 1 inch water column = 0.249 kPa 
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APPENDIX E 


CERTIFICATE OF ACCEPTANCE MECH-9A 


Supply Water Temperature Reset Controls Acceptance (Page 1 of 2) 


Project Name/Address: 


System Name or Identification/Tag: System Location or Area Served: 


Enforcement Agency: ~~“7PermitNumber: 


Note. Submit one Certificate of Acceptance for each system that Enforcement Agency Use: Checked by/Date 
|must demonstrate compliance. 


FIELD TECHNICIAN’S DECLARATION STATEMENT 

¢ I certify under penalty of perjury the information provided on this form is true and correct. 

* I am the person who performed the acceptance requirements verification reported on this Certificate of Acceptance (Field 
Technician). 

* I certify that the construction/installation identified on this form complies with the acceptance requirements indicated in 
the plans and specifications approved by the enforcement agency, and conforms to the applicable acceptance requirements 
and procedures specified in Section E 801.0 through Section E 806.0. 

¢ [| have confirmed that the Installation Certificate(s) for the construction/installation identified on this form has been 
completed and is posted or made available with the building permit(s) issued for the building. 


Company Name: 


Field Technician’s Name: Field Technician’s Signature: 


| 
| 


| We Date Signed: "Position with Company (Title): 
| | 


RESPONSIBLE PERSON’S DECLARATION STATEMENT 

* I certify under penalty of perjury that I am the Field Technician, or the Field Technician is acting on my behalf as my 
employee or my agent and I have reviewed the information provided on this form. 

* [ama licensed contractor or registered design professional who is eligible per the requirements of the Authority Having 
Jurisdiction to take responsibility for the scope of work specified on this document and attest to the declarations in this state- 
ment (responsible person). 

* I certify that the information provided on this form substantiates that the construction/installation identified on this form 
complies with the acceptance requirements indicated in the plans and specifications approved by the enforcement agency, and 
conforms to the applicable acceptance requirements and procedures specified in Section E 801.0 through Section E 806.0. 

¢ I have confirmed that the Installation Certificate(s) for the construction/installation identified on this form has been 
completed and is posted or made available with the permit(s) issued for the building. 

* I will ensure that a completed, signed copy of this Certificate of Acceptance shall be posted, or made available with the 
building permit(s) issued for the building, and made available to the enforcement agency for all applicable inspections. I 
understand that a signed copy of this Certificate of Acceptance is required to be included with the documentation the builder 
provides to the building owner at occupancy. 


SS 


[CompanyName: i sits = erent cies 
Responsible Person’s Name: + anniv renee Reenotisibie Pern see 
License: ars . Shintiei. > 2) Position With Company (Title): | 
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APPENDIX E 


CERTIFICATE OF ACCEPTANCE MECH-9A 


Supply Water Temperature Reset Controls Acceptance (Page 2 of 2) 
Project Name/Address: 


System Name or Identification/Tag: System Location or Area Served: 


Ensure that both the chilled water and hot water supply temperatures are automatically reset based on either building 
| Mey 
loads or outdoor air temperature, as indicated in the control sequences. 


Intent: 


a e 


| Instrumentation to perform test includes, but not limited to: 
a. Calibrated reference temperature sensor or drywell bath. 
Installation 
[1 Supply water temperature sensors have been either factory or field calibrated. 


Documentation of hydronic system supply temperature sensors including (check one of the following): 
C Field-calibrated 


Calibration complete, hydronic system supply temperature sensors within 1% of calibrated reference'sensor or 
drywell bath. 
A. Functional Testing. 
Step 1: Test maximum reset value. 
a. Change reset control variable to its maximum value. 


b. Verify that chilled or hot water temperature setpoint is reset to appropriate value. 


c. Verify that actual system temperature changes to within 2% of the new setpoint. 


Step 2: Test minimum reset value. 


a. Change reset control variable to its minimum value. 


b. Verify that chilled or hot water temperature setpoint is reset to appropriate value. 
c. Verify that actual system temperature changes to within 2% of the new setpoint. 
Step 3: Test maximum reset value. 


a. Restore reset control variable to automatic control. 


B. Testing Results. 
System passes criteria in lc, 2c, and 3d. 


C. PASS / FAIL Evaluation (check one): 


( | PASS: All Construction Inspection responses are complete and all Testing Results responses are “Pass.” 


FAIL: Any Construction Inspection responses are incomplete OR there is one or more “Fail” responses in Testing 
Results section. Provide explanation below. Use and attach additional pages if necessary. 
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APPENDIX E 


CERTIFICATE OF ACCEPTANCE MECH-10A 
Hydronic System Variable Flow Control Acceptance (Page 1 of 3) 
Project Name/Address: 


System Name or Identification/Tag: System Location or Area Served: 


Enforcement Agency; =” SiN reir Ruta LEE OU CIIOCEA es, wuts ps Aegean MO 


| 
| 
Note; Submit one Certificate of Acceptance for each system that | Enforcement Agency Use: Checked by/Date 
must demonstrate compliance. - 


FIELD TECHNICIAN’S DECLARATION STATEMENT 

¢ I certify under penalty of perjury the information provided on this form is true and correct. 

* I am the person who performed the acceptance requirements verification reported on this Certificate of Acceptance (Field 
Technician). 

* I certify that the construction/installation identified on this form complies with the acceptance requirements indicated in 
the plans and specifications approved by the enforcement agency, and conforms to the applicable acceptance requirements 
and procedures specified in Section E 801.0 through Section E 806.0. 

* | have confirmed that the Installation Certificate(s) for the construction/installation identified on this form has been 
completed and is posted or made available with the nenoag pee) issued for the building. 


Ce ompany Name: 


Field Technician’s Name: ae Technician’s Signature: 


Pat Signed: Position with Company (Title): 


RESPONSIBLE PERSON’S DECLARATION STATEMENT 

* I certify under penalty of perjury that I am the Field Technician, or the Field Technician is acting on my behalf as my 
employee or my agent and I have reviewed the information provided on this form. 

* Iam a licensed contractor or registered design professional who is eligible per the requirements of the Authority Having 
Jurisdiction to take responsibility for the scope of work specified on this document and attest to the declarations in this state- 
ment (responsible person). 

* I certify that the information provided on this form substantiates that the construction/installation identified on this form 
complies with the acceptance requirements indicated in the plans and specifications approved by the enforcement agency, and 
conforms to the applicable acceptance requirements and procedures specified in Section E 801.0 through Section E 806.0. 

¢ | have confirmed that the Installation Certificate(s) for the construction/installation identified on this form has been 
completed and is posted or made available with the permit(s) issued for the building. 

* I will ensure that a completed, signed copy of this Certificate of Acceptance shall be posted, or made available with the 
building permit(s) issued for the building, and made available to the enforcement agency for all applicable inspections. I 
understand that a signed copy of this Certificate of Acceptance is required to be included with the documentation the builder 
provides to the building owner at occupancy. 


[Company Name: PRERASAP EUR? Pa GU a een saaeeneeennneetia tee 
Responsible Person’s Name: = ~~ _|Responsible Person’s Signature. = 
| 
f a ma) ts - a == a" rn . - 7 “T= a6 LES, . are . . a = 
License: Date Signed: ‘Position With Company (Title): 
| 
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APPENDIX E 


CERTIFICATE OF ACCEPTANCE MECH-10A 


Hydronic System Variable Flow Control Acceptance (Page 2 of 3) 


Project Name/Address: 


System Name or Identification/Tag: System Location or Area Served: 


Ensure that when loads within the building fluctuate, control valves modulate the amount of water passing through each 


Intent: : ‘ ; sete 
coil and add or remove the desired amount of energy from the air stream to satisfy the load. 


Construction Inspection 


1. Instrumentation to perform test includes, but not limited to: 
a. Calibrated differential pressure gauge. 
Installation 
({) Pressure sensors are either factory calibrated or field-calibrated. 


[1 Pressure sensor location, setpoint, and reset control meets the requirements of Section E 805.8 through Section 
E 805.8.2. 


Documentation of all control pressure sensors including (check one of the following): 
a. Factory-calibrated (proof required). 
[] Factory-calibration certificate. 


b. Field-calibrated. 
O Calibration complete, all pressure sensors within 10% of calibrated reference sensor. 


A. Functional Testing. Results 


Step 1: Design flow test. 
a. Open control valves to achieve a minimum of 90% of design flow. 
b. Verify that the pump speed increases. 


Are the pumps operating at 100% speed? 


c. 
d. Record the system pressure as measured at the control sensor. 


e. Record the system pressure setpoint. 


Is the pressure reading 1d within 5% of pressure setpoint le? 
Did the system operation stabilize within 5 minutes after completion of step la? 


. Close coil control valves to achieve a maximum of 50% of design flow. 
Verify that the current operating speed decreases (for systems with DDC to the zone level). 
Verify that the current operating speed has not increased (for all other systems that are not DDC). 
Record the system pressure as measured at the control sensor. (Feet Water Column) = 


Record the system pressure setpoint. (Feet Water Column) = 


Is the setpoint in 2e is less than the setpoint in 1d? 
Is the pressure reading 2d within 5% of pressure setpoint 2e? 
Did the system operation stabilize within 5 minutes after completion of step 2a? 


Step 3: System returned to initial operating conditions. 


B. Testing Results 
Step 1: Select pass if either 1c or If are true. 


Step 2: Select pass if 2b, 2e, 2f and 2g are true. 


For SI units: | inch water column = 0.249 kPa 
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APPENDIX E 


CERTIFICATE OF ACCEPTANCE 


MECH-10A 
Hydronic System Variable Flow Control Acceptance 


(Page 3 of 3) 
Project Name/Address: 


System Name or Identification/Tag: System Location or Area Served: 


C. PASS / FAIL Evaluation (check one): 
1 | PASS: All Construction Inspection responses are complete and all Testing Results responses are “Pass.” 


FAIL: Any Construction Inspection responses are incomplete OR there is one or more “Fail” responses in Testing 
Results section. Provide explanation below. Use and attach additional pages if necessary. 
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APPENDIX E 


CERTIFICATE OF ACCEPTANCE MECH-11A 
Automatic Demand Shed Control Acceptance (Page 1 of 2) 


Project Name/Address: 


System Name or Identification/Tag: System Location or Area Served: 


‘Enforcement Agency: Permit Number: 


Note: Submit one Certificate of Acceptance for each system that |Enforcement Agency Use: Checked by/Date ie / 
must demonstrate compliance. 


FIELD TECHNICIAN’S DECLARATION STATEMENT 

* I certify under penalty of perjury the information provided on this form is true and correct. 

¢ Iam the person who performed the acceptance requirements verification reported on this Certificate of Acceptance (Field 
Technician). 

* I certify that the construction/installation identified on this form complies with the acceptance requirements indicated in 
the plans and specifications approved by the enforcement agency, and conforms to the applicable acceptance requirements 
and procedures specified in Section E 801.0 through Section E 806.0. 

¢ I have confirmed that the Installation Certificate(s) for the construction/installation identified on this form has been 
completed and is posted or made available with the building permit(s) issued for the building. 


[Company Name: 


Field Technician’s Name: Field Technician’s Signature: 


Date Signed: aIq Position with Company (Title): 


RESPONSIBLE PERSON’S DECLARATION STATEMENT 

¢ I certify under penalty of perjury that I am the Field Technician, or the Field Technician is acting on my behalf as my 
employee or my agent and I have reviewed the information provided on this form. 

* Iam a licensed contractor or registered design professional who 1s eligible per the requirements of the Authority Having 
Jurisdiction to take responsibility for the scope of work specified on this document and attest to the declarations in this state- 
ment (responsible person). 

¢ I certify that the information provided on this form substantiates that the construction/installation identified on this form 
complies with the acceptance requirements indicated in the plans and specifications approved by the enforcement agency, and 
conforms to the applicable acceptance requirements and procedures specified in Section E 801.0 through Section E 806.0. 

¢ I have confirmed that the Installation Certificate(s) for the construction/installation identified on this form has been 
completed and is posted or made available with the permit(s) issued for the building. 

* I will ensure that a completed, signed copy of this Certificate of Acceptance shall be posted, or made available with the 
building permit(s) issued for the building, and made available to the enforcement agency for all applicable inspections. | 
understand that a signed copy of this Certificate of Acceptance is required to be included with the documentation the builder 
provides to the building owner at occupancy. 


ia = é — _ —— = I | ——— 
Company Name: ‘Phone: 
| | 


‘Responsible Person’s Name: Responsible Person’s Signature: 
Oo 


License: [Date Signed: == =—_| Position With Company (Title): 
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APPENDIX E 


CERTIFICATE OF ACCEPTANCE MECH-11A 
Automatic Demand Shed Control Acceptance (Page 2 of 2) 


Project Name/Address: 


System Name or Identification/Tag: System Location or Area Served: 


Instrumentation to perform test includes, but not limited to: 

3. INONE; 

Installation. 

[ The EMCS front end interface enables activation of the central demand shed controls. 


A. Functional Testing. Pump Tag (Id) 


Step 1: Engage the demand shed controls. 


a. Engage the central demand shed control signal. 


Verify that the current operating temperature setpoint in a sample of noncritical spaces increases by 
the proper amount. 


Disengage the central demand shed control signal. 
Verify that the current operating temperature setpoint in the sample of noncritical spaces returns to 
their original value. 


change. 
B. Testing Results. 


Test passes if all answers are yes in Step | and Step 2. 


C. PASS / FAIL Evaluation (check one): 
PASS: All Construction Inspection responses are complete and all Testing Results responses are “Pass.” 
FAIL: Any Construction Inspection responses are incomplete OR there is one or more “Fail” responses in 
Testing Results section. Provide explanation below. Use and attach additional pages if necessary. 
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APPENDIX E 


CERTIFICATE OF ACCEPTANCE MECH-12A 


Fault Detection and Diagnostics (FDD) for Packaged Direct-Expansion Units (Page 1 of 3) 


Project Name/Address: 


System Name or Identification/Tag: System Location or Area Served: 


entoieament Agency: PemunNvumbarnined Atte 6 w war Uo yore hy Be 
: 

Note: Submit one Certificate of Acceptance for each system that Enforcement Agency Use: Checked by/Date 

must demonstrate compliance. 


FIELD TECHNICIAN’S DECLARATION STATEMENT 

¢ I certify under penalty of perjury the information provided on this form is true and correct. 

* | am the person who performed the acceptance requirements verification reported on this Certificate of Acceptance (Field 
Technician). 

* I certify that the construction/installation identified on this form complies with the acceptance requirements indicated in 
the plans and specifications approved by the enforcement agency, and conforms to the applicable acceptance requirements 
and procedures specified in Section E 801.0 through Section E 806.0. 

* I have confirmed that the Installation Certificate(s) for the construction/installation identified on this form has been 
completed and is posted or made available with the building permit(s) issued for the building. 


Company Name: 
Field Technician’s Name: Field Technician’s Signature: 
a Signed: Position with Company (Title): 
| 
| 


RESPONSIBLE PERSON’S DECLARATION STATEMENT 
¢ I certify under penalty of perjury that I am the Field Technician, or the Field Technician is acting on my behalf as my 
employee or my agent and I have reviewed the information provided on this form. 

* I ama licensed contractor or registered design professional who is eligible per the requirements of the Authority Having 
Jurisdiction to take responsibility for the scope of work specified on this document and attest to the declarations in this state- 
ment (responsible person). 

* I certify that the information provided on this form substantiates that the construction/installation identified on this form 
complies with the acceptance requirements indicated in the plans and specifications approved by the enforcement agency, and 
conforms to the applicable acceptance requirements and procedures specified in Section E 801.0 through Section E 806.0. 

¢ I have confirmed that the Installation Certificate(s) for the construction/installation identified on this form has been 
completed and is posted or made available with the permit(s) issued for the building. 

* I will ensure that a completed, signed copy of this Certificate of Acceptance shall be posted, or made available with the 
building permit(s) issued for the building, and made available to the enforcement agency for all applicable inspections. | 
understand that a signed copy of this Certificate of Acceptance is required to be included with the documentation the builder 
provides to the building owner at occupancy. 


Suoees Name: 


‘Responsible Person’s Name: 


‘Phone: 
: 
[Responsible Person’s Signature: 
| Position With Company (Title): 


See eT ee es SS a ees 
License: Date Signed: 
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APPENDIX E 


CERTIFICATE OF ACCEPTANCE MECH-12A 


Fault Detection and Diagnostics (FDD) for Packaged Direct-Expansion Units (Page 2 of 3) 


Project Name/Address: 


System Name or Identification/Tag: System Location or Area Served: 


The purpose of this test is to verify proper fault detection and reporting for automated fault detection and 


Intent: d ; ‘ ; 
diagnostics systems for packaged units. 


Construction Inspection 
Instrumentation to perform test includes, but not limited to: 
a. List of instrumentation may be needed or included. 
2. Installation. 
CO Verify that FDD hardware is installed on equipment by the manufacturer and that equipment make and model 
include factory-installed FDD hardware that matches the information indicated on copies of the manufacturer’s cut 
sheets and on the plans and specifications. 


A fault detection and diagnostics (FDD) system for direct-expansion packaged units shall contain the following 
features to be eligible for credit in the performance calculation method: 

~ The unit shall include a factory-installed economizer and shall limit the economizer dead band to no 
more than 2°F. 


The unit shall include direct-drive actuators on outside air and return air dampers. 
The unit shall include an integrated economizer with either differential dry-bulb or differential 
enthalpy control. 


The unit shall include a low temperature lockout on the compressor to prevent coil freeze-up or 
comfort problems. 

Outside air and return air dampers shall have maximum leakage rates conforming to Section E 805.12 | 

through Section E 805.12.2. 

The unit shall have an adjustable expansion control device such as a thermostatic expansion valve 

(TXV). 

_ To improve the ability to troubleshoot charge and compressor operation, a high-pressure refrigerant — 

port will be located on the liquid line. A low-pressure refrigerant port will be located on the suction line. 


i. The following sensors should be permanently installed to monitor system operation and the controller: 
should have the capability of displaying the value of each parameter: 

C Refrigerant suction pressure 0 Supply air relative humidity O Returnairtemp 0 Supply air relative 
CO) Refrigerant suction temp C) Outside air relative humidity CO Supply air temp humidity 

C) Liquid line pressure CK) Return air relative humidity O Outside air temp _ 
~ The controller will provide system status by indicating the following conditions: 

C1 Compressor enabled C] Economizer enabled C Free cooling available 
1 Heating enabled O Mixed air low limit cycle active 


fe 


k. The unit controller shall have the capability to manually initiate each operating mode so that the operation 
of ee sel economizers, fans, and heating system can be independently tested and verified. 
For SI units: °C = (°F-32)/1.8 
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APPENDIX E 


CERTIFICATE OF ACCEPTANCE MECH-12A 

Fault Detection and Diagnostics (FDD) for Packaged Direct-Expansion Units (Page 3 of 3) 

Project Name/Address: 

System Name or Identification/Tag: System Location or Area Served: 


B. Functional Testing. 
Step 1: Low airflow test. 


Results 


b. Verify that the fault detection and diagnostics system reports the fault. cept ng 


a. Test low airflow condition by replacing the existing filter with a dirty filter or appropriate obstruction. 


c. Verify that the system is able to verify the correct refrigerant charge. i | Y/N 
d. Verify that you are able to calibrate the following: | Y/N 


C Outside Air Temperature Sensor. | Return Air Temperature Sensors. Supply Air Temperature Sensors. — 


C. Testing Results PASS / FAIL 


Test passes if all answers are yes under Eligibility Criteria and Functional Testing. So in en 


PASS: All Construction Inspection responses are complete and all Testing Results responses are “Pass.” 
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APPENDIX E 


CERTIFICATE OF ACCEPTANCE MECH-13A 


Automatic Fault Detection and Diagnostics (FDD) for Packaged Direct-Expansion Units and Zone (Page 1 of 4) 
Terminal Units Acceptance 


Project Name/Address: 


System Name or Identification/Tag: System Location or Area Served: 


Enforcement Agency: Permit Number: 


Note: Submit one Certificate of Acceptance for each system that | Enforcement Agency Use: Checked by/Date 
must demonstt ‘fate Cc omplianc ec | 


FIELD TECHNICIAN’S DECLARATION STATEMENT 

* I certify under penalty of perjury the information provided on this form is true and correct. 

¢ Iam the person who performed the acceptance requirements verification reported on this Certificate of Acceptance (Field 
Technician). 

* I certify that the construction/installation identified on this form complies with the acceptance requirements indicated in 
the plans and specifications approved by the enforcement agency, and conforms to the applicable acceptance requirements 
and procedures specified in Section E 801.0 through Section E 806.0. 

* | have confirmed that the Installation Certificate(s) for the construction/installation identified on this form has been 
completed and is posted or made available with the aullding pam s) issued for the building. 


Company Name: 


IF ield Technician’s Name: \F ield Technician’s ; Signature: 


gf socheoe ts Date Signed: ae "Peston i Company (Title): | 


RESPONSIBLE PERSON’ S) DECLARATION STATEMENT 

* I certify under penalty of perjury that I am the Field Technician, or the Field Technician is acting on my behalf as my 
employee or my agent and I have reviewed the information provided on this form. 

* Lam a licensed contractor or registered design professional who is eligible per the requirements of the Authority Having 
Jurisdiction to take responsibility for the scope of work specified on this document and attest to the UES: in this state- 
ment (responsible person). 

* I certify that the information provided on this form substantiates that the construction/installation identified on this form 
complies with the acceptance requirements indicated in the plans and specifications approved by the enforcement agency, and 
conforms to the applicable acceptance requirements and procedures specified in Section E 801.0 through Section E 806.0. 

¢ I have confirmed that the Installation Certificate(s) for the construction/installation identified on this form has been 
completed and is posted or made available with the permit(s) issued for the building. 

* I will ensure that a completed, signed copy of this Certificate of Acceptance shall be posted, or made available with the 
building permit(s) issued for the building, and made available to the enforcement agency for all applicable inspections. I 
understand that a signed copy of this Certificate of Acceptance is required to be included with the documentation the builder 
provides to the building owner at occupancy. 


Company Name: ie | Phone: 
Responsible Person’s Name: ‘Responsible Person’s Signature: 
License: --|Date Signed: ==——S~Possition With Company (Title): = ia 


470 2022 CALIFORNIA MECHANICAL CODE 


IF 


APPENDIX E 


CERTIFICATE OF ACCEPTANCE MECH-13A 


Automatic Fault Detection and Diagnostics (FDD) for Packaged Direct-Expansion Units and Zone (Page 2 of 4) 
Terminal Units Acceptance 


Project Name/Address: 


System Name or Identification/Tag: System Location or Area Served: 


Intent: | Verify that the system detects common faults in air handling units and zone terminal units. | 


Construction Inspection 


Instrumentation to perform test includes, but not limited to: 

a. No instrumentation is required — changes are implemented at the building automation system control station. 

Installation. 

a. The functional testing verifies proper installation of the controls for FDD for air handling units and zone terminal 
units. No additional installation checks are required. 


A. Eligibility Criteria Results. that 
: : Results 
Testing of each AHU with FDD controls shall include the following tests: 


Step 1: Sensor Drift/ Failure: 


pe Disconnect outside air ‘temperature sensor from unit controller. law 
b. Verify that the FDD system reports a fault. 


c. Connect OAT sensor to the unit controller. 
d. Verify that FDD indicates normal system operation. 


Step 2: Damper/actuator fault. 


From the control system workstation, command the mixing box dampers to full open (100% outdoor 
air). 


Disconnect power to the actuator and verify that a fault is reported at the control workstation. 
Reconnect power to the actuator and command the mixing box dampers to full open. 
Verify that the control system does not report a fault. 


From the control system workstation, command the mixing box dampers to a full-closed position 
a Y%) outdoor as 


ctuator and verify that a fault is reported at ‘the control workstation. 
actuator and command the dampers closed. 


4 Verify that the control system does not report a fault during normal operation. 
Step 3: Valve/actuator fault. 


a. From the control system workstation, command the heating and cooling coil valves to full open or 
closed, then disconnect power to the actuator and verify that a fault is reported at the control workstation. 


Step 4: Inappropriate simultaneous heating, mechanical cooling, and/or economizing. 


From the control system wor kstation, override the heating coil v alve and verify that a fault i is 
reported at the control workstation. 
From the control system workstation, override the cooling coil valve and verify that a fault is 
reported at the control workstation. 


From the control system workstation, override the mixing box dampers and verify that a fault is 
reported at the control workstation. 
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APPENDIX E 


CERTIFICATE OF ACCEPTANCE MECH-13A 


Automatic Fault Detection and Diagnostics (FDD) for Packaged Direct-Expansion Units and Zone (Page 3 of 4) 
Terminal Units Acceptance 


Project Name/Address: 


System Name or Identification/Tag: System Location or Area Served: 


B. Functional Testing for Zone Terminal Units. | 
Testing shall be performed on one of each type of terminal unit (VAV box) in the project. A | Results 
minimum of 5% of results the terminal boxes shall be tested. ) 


Step 1: Sensor Drift/Failure: 
Disconnect the tubing to the differential pressure sensor of the VAV box. 


Verify that control system, detects and reports the fault. 


Reconnect the sensor and verify proper sensor operation. 


Verify that the control system does not report a fault. 


Step 2: Damper/actuator fault. 
If the damper i is stuck open: 
~ Command the damper to be fully open (room temperature above setpoint). 

- Disconnect the actuator to the damper. 
Adjust the cooling setpoint so that the room temperature is below the cooling setpoint to command 
the damper to the minimum position. Verify that the control system reports a fault. 

d. Reconnect the actuator and restore to norma pe ,  p ROMN od (asaore inrion ealeybnnt 

If the damper is stuck closed: > ya, lade Se 


Set the damper to the minimum position. m asqiieb 250 Shien ofl bined 
Disconnect the actuator to the damper. 


Set the cooling setpoint below the room temperature to simulate a call for cooling. Verify that the: iy 9 
control system reports a fault. 


Reconnect the actuator and restore to normal operation. 
Step 3: Valve/actuator fault (for systems with hydronic reheat). 


a. Command the reheat coil valve to full open. 
Disconnect power to the actuator. Set the heating setpoint temperature to be lower than the current 
space temperature, to command the valve closed. Verify that the fault is reported at the control work- 
station. 
Reconnect the actuator and restore normal operation. 


Step 4: Feedback loop tuning fault (unstable airflow). 


a. Set the integral coefficient of the box controller to a value 50 times the current value. Lower the 
space cooling setpoint to simulate a call for cooling. 
The damper cycles continuously and airflow is unstable. Verify that the control system detects and — 
reports the fault. 


Reset the integral coefficient of the controller to the original value to restore normal operation. 
Step 5: Disconnected inlet duct. 


a. From the control system workstation, command the damper to full closed, then disconnect power to 
the actuator and verify that a fault is reported at the control workstation. 
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APPENDIX E 


CERTIFICATE OF ACCEPTANCE MECH-13A 


Automatic Fault Detection and Diagnostics (FDD) for Packaged Direct-Expansion Units and Zone (Page 4 of 4) 
Terminal Units Acceptance 


Project Name/Address: 


System Name or Identification/Tag: System Location or Area Served: 


C. Testing Results PASS / FAIL 


Test passes if all answers are yes under Functional Testing Sections. Nipeaaie So al Arvsp) sev ew po | 


D. PASS / FAIL Evaluation (check one): 
PASS: All Construction Inspection responses are complete and all Testing Results responses are “Pass.” 


FAIL: Any Construction Inspection responses are incomplete OR there is one or more “Fail” responses in 
Testing Results section. Provide explanation below. Use and attach additional pages if necessary. 
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APPENDIX E 


CERTIFICATE OF ACCEPTANCE MECH-14A 


Distributed Energy Storage DX AC Systems Acceptance (Page 1 of 3) 


Project Name/Address: 


System Location or Area Served: 


I SOT ARE NS ae AE i ~ > a = eatin 
Enforcement Agency: Permit Number: 


Note: Submit one Certificate of Acceptance for each system that 


Enforcement Agency Use: Checked by/Date 
must demonstrate compliance. 


FIELD TECHNICIAN’S DECLARATION STATEMENT 

* I certify under penalty of perjury the information provided on this form is true and correct. 

* I am the person who performed the acceptance requirements verification reported on this Certificate of Acceptance (Field 
Technician). 

¢ I certify that the construction/installation identified on this form complies with the acceptance requirements indicated in 
the plans and specifications approved by the enforcement agency, and conforms to the applicable acceptance requirements 
and procedures specified in Section E 801.0 through Section E 806.0. 

¢ | have confirmed that the Installation Certificate(s) for the construction/installation identified on this form has been 
completed and is posted or made available with the building permit(s) issued for the building. 


‘Company Name: 


Field Technician’s Name: Field Technician’s Signature: 


| Date Signed: ‘Position with Company (Title): 

| | 

RESPONSIBLE PERSON’S DECLARATION STATEMENT 

* I certify under penalty of perjury that I am the Field Technician, or the Field Technician is acting on my behalf as my 
employee or my agent and I have reviewed the information provided on this form. 

* Jama licensed contractor or registered design professional who is eligible per the requirements of the Authority Having 
Jurisdiction to take responsibility for the scope of work specified on this document and attest to the declarations in this state- 
ment (responsible person). 

¢ I certify that the information provided on this form substantiates that the construction/installation identified on this form 
complies with the acceptance requirements indicated in the plans and specifications approved by the enforcement agency, and 
conforms to the applicable acceptance requirements and procedures specified in Section E 801.0 through Section E 806.0. 

¢ | have confirmed that the Installation Certificate(s) for the construction/installation identified on this form has been 
completed and is posted or made available with the permit(s) issued for the building. 

¢ I will ensure that a completed, signed copy of this Certificate of Acceptance shall be posted, or made available with the 
building permit(s) issued for the building, and made available to the enforcement agency for all applicable inspections. | 
understand that a signed copy of this Certificate of Acceptance is required to be included with the documentation the builder 
provides to the building owner at occupancy. 


Company Name: Phone: 


Responsible Person’s Name: ‘Responsible Person’s Signature: 


License: _-*[Date Signed: ~===——Position With Company (Title): 
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APPENDIX E 


CERTIFICATE OF ACCEPTANCE MECH-14A 


Distributed Energy Storage DX AC Systems Acceptance (Page 2 of 3) 


Project Name/Address: 


System Name or Identification/Tag: System Location or Area Served: 


Intent: | Verify that the system detects common faults in air handling units and zone terminal units. 


Construction Inspection 

Instrumentation to perform test includes, but not limited to: 

a. No special instrumentation is required to perform these tests. 

Installation. 

Prior to Performance Testing, verify and document the following: 
The water tank 1s filled to the proper level. 
The water tank is sitting on a foundation with adequate structural strength. 
The water tank is insulated and the top cover is in place. 
The DES/DXAC is installed correctly (refrigerant piping, etc.). 
Verify that the correct model number is installed and configured. 


A. Functional Testing Results 


Step 1: Simulate no cooling load during a nighttime period by setting system time to between 9:00 p.m. and 6:00 a.m. 
Raise the space temperature setpoint above the current space temperature. Verify and document the 
following: 


a) ‘The system charges the tank. - cine [ Y/N 


b. The Sau does not it provide As to the building. Pied Wipionn i sfert 7 en i me 


thermostat cooling set-point below actual atihaeaturel Ver ify ‘tnt document the aiwie 


Supply fan operates continually during occupied hours. | 
If the DES/DXAC has cooling capacity, DES/DXAC runs to meet the cool ing demand (inice melt = 
mode). | 
If the DES/DXAC has no ice and there is a call for cooling, the DES/DXAC runs in direct cooling | Y/N/N/A 
mode. | 
Step 3: Simulate no cooling loa uring dayt » condition. Verify and document the following: 
a. _ Supply fan operates as per the facility thermostat or control system. 


b. The DES/DXAC and the condensing unit do not run. 


Step 4: Simulate no cooling load during morning shoulder time period. Verify and document the following: 


a. The DES/DXAC is idle (the condensing unit and the refrigerant pumps remain off). | Y/N 


B. Calibrating Controls. Results 


a. Verify that you are able to set the proper ‘time and date, as per manufacturer’s installation manual for | Y/N 
approved installers. | 


C. Testing Results. PASS / FAIL 
Test passes if all answers are yes under Functional Testing and Calibrating Controls. ee rg 


For SI units: 1 metric ton = 1000 kg, 1000 British thermal units per hour = 0.293 kW 
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CERTIFICATE OF ACCEPTANCE MECH-14A 


Distributed Energy Storage DX AC Systems Acceptance (Page 3 of 3) 


Project Name/Address: 


System Name or Identification/Tag: 


System Location or Area Served: 


PASS: All Construction Inspection responses are complete and all Testing Results responses are “Pass.” 
FAIL: Any Construction Inspection responses are incomplete OR there is one or more “Fail” responses in 
Testing Results section. Provide explanation below. Use and attach additional pages if necessary. 
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Enforcement Agency: 


‘|Permit Number: 


| 
Note: Submit one Certificate of Acceptance for each system that \Enforcement Agency Use: Checked by/Date st 
must demonstrate compliance. | | 


FIELD TECHNICIAN’S DECLARATION STATEMENT 

* I certify under penalty of perjury the information provided on this form is true and correct. 

¢ Iam the person who performed the acceptance requirements verification reported on this Certificate of Acceptance (Field 
Technician). 

* I certify that the construction/installation identified on this form complies with the acceptance requirements indicated in 
the plans and specifications approved by the enforcement agency, and conforms to the applicable acceptance requirements 
and procedures specified in Section E 801.0 through Section E 806.0. 

¢ | have confirmed that the Installation Certificate(s) for the construction/installation identified on this form has been 
completed and is posted or made available with the building permit(s) issued for the building. 


‘Company Name: _ 

Field Technician’s Name: Field Technician’s Signature: | 
L Gredsnmhansieed Date Signed: ~~ [Position with Company (Title): = tt ti(Ct~tsts*™Y 
Ear | deals Diwali a | 


RESPONSIBLE PERSON’S DECLARATION STATEMENT 

¢ I certify under penalty of perjury that I am the Field Technician, or the Field Technician is acting on my behalf as my 
employee or my agent and | have reviewed the information provided on this form. 

* Iam a licensed contractor or registered design professional who is eligible per the requirements of the Authority Having 
Jurisdiction to take responsibility for the scope of work specified on this document and attest to the declarations in this state- 
ment (responsible person). 

* I certify that the information provided on this form substantiates that the construction/installation identified on this form 
complies with the acceptance requirements indicated in the plans and specifications approved by the enforcement agency, and 
conforms to the applicable acceptance requirements and procedures specified in Section E 801.0 through Section E 806.0. 

¢ I have confirmed that the Installation Certificate(s) for the construction/installation identified on this form has been 
completed and is posted or made available with the permit(s) issued for the building. 

* I will ensure that a completed, signed copy of this Certificate of Acceptance shall be posted, or made available with the 
building permit(s) issued for the building, and made available to the enforcement agency for all applicable inspections. I 
understand that a signed copy of this Certificate of Acceptance is required to be included with the documentation the builder 
provides to the building owner at occupancy. 


Company Name: sd Phone: a 


License: ‘Date Signed: Position With Company (Title): 


Responsible Person’s Name: ‘Responsible Person’s Signature: 
| 
| 
| 
| 
a 
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CERTIFICATE OF ACCEPTANCE MECH-15A 


Thermal Energy Storage (TES) System Acceptance (Page 2 of 3) 


Project Name/Address: 


System Name or Identification/Tag: System Location or Area Served: 


Intent: | Verify proper operation of distributed energy storage DX systems. — ar ] 


Construction Inspection 


Instrumentation to perform test includes, but not limited to: 
a. No special instrumentation is required for the acceptance tests. 


A. Certificate of Compliance Information 


The following Certificate of Compliance information for both the chiller and the storage tank shall be provided on the plans 

to document the key TES System parameters and allow plan check comparison to the inputs used in the DOE-2 simulation. 

DOE-2 keywords are shown in ALL CAPITALS in parentheses. 

a. Chiller Brand and Model: 

dh ana wind at ‘Type (centrifugal, reciprocating, etc): 

Capacity (tons): saqueet (ANSE B 

(Size) 

Starting Efficiency (kW/ton): 

\(at beginning of ice production) 

(COMP-kW/TON-START) 

|Ending Efficiency (kW/ton): 

(at end of ice production) 

(COMP-kW/TON-END) 

\Capacity Reduction (% / F): | 

(PER-COMP-REDUCT/F) | 

Storage = —«*||Storage Type (Check): = =—S|E Chilled Water = [ClIce-on-Coil [OCHS ss 
Tank \(TES-TYPE) Storage | 

TE Ice Harvester O Brine 

Olce-Slury ~~~ Eutectic Salt 


Number of tanks ( SIZE) Jul 2 
Storage Capacity per Tah {ton-hours): sig |p) spray 
'Storage Rate (tons): | 
(COOL-STORE-RATE) | 

Discharge Rate (tons): — NF: SF TFS ain 
|((COOL-SUPPLY-RATE) 

| Auxiliary Power (watts): 

(PUMP+AUX-kW) 

Tank Area (square feet); 
(CTANK-LOSS-COEFF) 
‘Tank Insulation (R-Value): 
\(CTANK-LOSS-COEFF) | 
For Sf units: | metric ton = 1000 kg, 1000 British thermal units per hour = 0.293 kW 
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CERTIFICATE OF ACCEPTANCE MECH-15A 


Thermal Energy Storage (TES) System Acceptance (Page 3 of 3) 


Project Name/Address: 


System Name or Identification/Tag: System Location or Area Served: 


B. Functional Testing Results 

Step 1: TES System Design Verification 

a. Inthe TES System Design Verification part, the installing contractor shall certify the — 
following information, which verifies proper installation of the TES System consistent 
with system design expectations: 


The TES system is one of the above (1 Initial discharge rate of the storage [ Discharge test time (hours) 
eligible systems tanks (tons) O Tank storage capacity after charge 
Initial charge rate of the storage Final discharge rate of the storage (ton-hours) 

tanks (tons) tank (tons) Tank storage capacity after 

Final charge rate of the storage tank [1 Charge test time (hours) discharge (ton-hours) 

(tons) CO Initial chiller efficiency (kW/ton) Final chiller efficiency (k W/ton) 
Tank standby storage losses (UA) during charging during charging 


Step 2: TES System Controls and Operation Verification 


The TES system and the chilled water plant is controlled and monitored by an EMS. 


Force the time between 9:00 p.m. and 9:00 a.m. and simulate a partial or no charge of the tank and — 
simulate no cooling load by setting the indoor temperature setpoint higher than the ambient tempera- 
ture. Verify that the TES system starts charging (stort ing energy). 

. Force the time to be between 6:00 p.m. and 9:00 p.m. and simulate a partial charge on the tank and 
simulate a cooling load by setting the indoor temperature set point lower than the ambient tempera- 
ture. Verify that the TES system starts discharging. 

Force the time to be between noon and 6:00 p.m. and simulate a cooling load by lowering the indoor 
air temperature set point below the ambient temperature. Verify that the tank starts discharging and 
the compressor is off. For systems designed to meet partial loads the system should be run until the 
TES storage is fully depleted. The number of hours of operation must meet or exceed the designed 
operational hours for the system. 

- Force the time to be between 9:00 a.m. to noon, and simulate a cooling load by lowering the indoor 
air temperature set point below the ambient temperature. Verify that the tank does not discharge and 
the cooling load is met by the compressor only. 

Force the time to be between 9:00 p.m. and 9:00 a.m. and simulate a full tank charge by changing the 
output of the sensor to the EMS. Verify that the tank charging is stopped. 


oO 
O 
O 
O 
O 
O 


We fe | 


Force the time to be between noon and 6:00 p.m. and simulate no cooling load by setting the indoor 
temperature set point above the ambient temperature. Verify that the tank does not discharge and the 
compressor is off. 


Oo 


PASS / FAIL Evaluation (check one): 
PASS: All Construction Inspection responses are complete and all Testing Results | responses are “Pass.” 


FAIL: “Any Construction Inspection responses are incomplete OR there is one or more “Fail” responses in 
Testing Results section. Provide explanation below. Use and attach additional pages if necessary. 
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CALIFORNIA MECHANICAL CODE — MATRIX ADOPTION TABLE 
APPENDIX F — GEOTHERMAL ENERGY SYSTEMS 
(Matrix Adoption Tables are non-regulatory, intended only as an aid to the code user. See Chapter 1 for state agency authority and building applications.) 


BSC- HCD DSA OSHPD 
SFM BSCC | DPH | AGR|DWR|CEC CA | SL |SLC 


Adopting Agency BSC | Gg 
1 | 2 | 1-AC|}AC|)SS|SS/CC;} 1|1R)}2)/3)/)4/)5 | 


Adopt Entire Chapter 

Adopt Entire Chapter as 
amended (amended sections 
listed below) 

Adopt only those sections ot 
that are listed below 
Chapter/Section | 


The Office of the State Fire Marshal's adoption of this chapter or individual sections is applicable to structures regulated by other state agencies pursuant to 
Section 1.11.0. 
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APPENDIX F 
GEOTHERMAL ENERGY SYSTEMS 


The provisions contained in this appendix are not mandatory unless specifically adopted by a state agency, or referenced in 


the adopting ordinance. 


Part | — General. 


F 101.0 General. 


F 101.1 Applicability. Part I of this appendix shall apply to 
geothermal energy systems such as, but not limited to, build- 
ing systems coupled with a ground-heat exchanger, sub- 
merged heat exchanger using water-based fluid as a heat 
transfer medium, or groundwater (well). The regulations of 
this appendix shall govern the construction, location and 
installation of geothermal energy systems. 


Indoor piping, fittings, and accessories that are part of 
the groundwater system shall be in accordance with Section 
F 104.4 and Chapter 12. 


F 101.1.1 Prior to Construction. Documents for per- 
mits shall be submitted prior to the construction of a 
building system, ground-heat exchanger, submerged heat 
exchanger, or water well. Permits shall be issued by the 
Authority Having Jurisdiction. 


F 101.1.2 Equipment, Accessories, Components, 
and Materials. The mechanical equipment, accessories, 
components, and materials used shall be of the type and 
rating approved for the specific use. 


F 101.2 Construction Documents. The construction doc- 
uments for the building system portion of the geothermal 
energy system shall be submitted to the Authority Having 
Jurisdiction. 


F 101.3 Site Survey. A site survey shall be conducted prior 
to designing the geothermal system. The requirements for 
construction documents shall be defined by the Authority 
Having Jurisdiction. Where no guidance is provided, the fol- 
lowing information shall be provided: 


(1) Ground-heat exchanger dimensions. 
(2) Grout or sealing specifications, as applicable. 


(3) Dimensions from building to water well, ground-heat 
exchanger, or submerged heat exchanger. 


(4) Operating temperatures and pressures. 


F 101.4 Used Materials. The installation of used pipe, fit- 
tings, valves, and other materials shall not be permitted. 


F 101.5 Contact with Building Material. A ground source 
heat pump ground-loop piping system shall not be in direct 
contact with building materials that cause the piping or fit- 
ting material to degrade or corrode, or that interferes with the 
operation of the system. 


F 101.6 Strains and Stresses. Piping shall be installed so 
as to prevent detrimental strains and stresses in the pipe. Pro- 
visions shall be made to protect piping from damage result- 
ing from expansion, contraction, and structural settlement. 
Piping shall be installed so as to avoid structural stresses or 
strains within building components. 
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F 101.7 Flood Hazard. Piping located in a flood hazard area << 
shall be capable of resisting hydrostatic and hydrodynamic 
loads and stresses, including the effects of buoyancy, during 
the occurrence of flooding to the design flood elevation. 


F 101.8 Pipe Support. Pipe shall be supported in accor- << 
dance with Section 313.1. 


F 101.9 Velocities. Ground source heat pump ground-loop << 
systems shall be designed so that the flow velocities do not 
exceed the maximum flow velocity recommended by the pipe 
and fittings manufacturer. Flow velocities shall be controlled 

to reduce the possibility of water hammer. 


F 101.10 Chemical Compatibility. Antifreeze and other << 
materials used in the system shall be chemically compatible 
with the pipe, tubing, fittings, and mechanical systems. 


F 101.11 Transfer Fluid. The transfer fluid shall be com- <«€ 
patible with the makeup water supplied to the system. 


F 102.0 Definitions. 


Geothermal Energy System. A system that uses thermal 
energy for space heating and cooling, and water heating. 


Geothermal Energy System, Closed-Loop. A continu- 
ous, sealed, underground, or submerged heat exchanger 
through which a heat-transfer fluid passes to and returns from 
a heat pump. 


Geothermal Energy System, Open-Loop. A liquid- 
source heat pump system that uses ground water or surface 
water to extract or reject heat. 


Ground-Heat Exchanger. An underground closed-loop 
heat exchanger through which a heat-transfer medium passes 
to and from a heat pump or other rated mechanical equipment. 
It includes the buried pipe and connecting main(s) up to and 
terminating with the building. 


Groundwater Source. A geothermal energy system that 
uses the groundwater as a heat source or sink. 


Water Well. An excavation that is drilled, cored, bored, 
washed, driven, dug, jetted, or otherwise constructed for the 
purposes of extracting groundwater, using the geothermal 
properties of the earth or injecting water into an aquifer or 
subsurface reservoir. 


F 103.0 Groundwater Systems. 


F 103.1 General. The potable water supply connected to a 
groundwater system shall be protected with an approved 
backflow prevention device. The connection of a discharge 
line to the sanitary or storm sewer system, or private sewage 
disposal system, shall be in accordance with the plumbing 
code or in accordance with the Authority Having Jurisdiction. 
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APPENDIX F 


F 104.0 Design of Systems. 


F 104.1 Ground-Heat Exchanger Design. The ground- 
heat exchanger design shall be provided by a licensed pro- 
fessional or a designer with the appropriate certifications or 
credentials as defined by the Authority Having Jurisdiction. 
F 104.2 Piping and Tubing Materials Standards. For 
water-based systems, ground source heat pump ground-loop 
pipe and tubing shall comply with the standards listed in 
Table F 104.2. Piping and tubing used for DX systems shall 
be of copper in accordance with Section F 401.3. 


TABLE F 104.2 
PLASTIC GROUND SOURCE LOOP PIPING 


MATERIAL 


STANDARD 


-Cross-linked polyethylene (PEX) | 


CSA C448, NSF 358-3 


High Density Polyethylene 
|\(HDPE) 


ASTM D2737, ASTM D3035, 
_ ASTM F714, AWWAC901, 
CSA B137.1, CSA C448, NSF 
| 358-1 


Polypropylene (PP) 


Polyethylene Raised Tempera- 
ture (PE-RT) 


_| ASTM F2623, ASTM F2769, 


| ASTM F2389, CSA B137.11, 
NSF 358-2 


CSA B137.18, CSA C448, 
|_NSF 358-4 


)»>| F 104.3 Fittings. For water-based systems, fittings for 
ground source heat pump systems shall be approved for 
installation with the piping materials to be installed, and shall 
comply with the standards listed in Table F 104.3. Fittings 
for use in DX systems shall comply with Section F 401.3. 


»> 


— 
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TABLE F 104.3 


GROUND SOURCE LOOP PIPE FITTINGS 


MATERIAL 


_Cross-linked polyethylene 
(PEX) 


High Density Polyethylene 
(HDPE) 
‘Polypropylene (PP) 


Polyethylene Raised Tempera- 
ture(PE-RT) 


| ~ STANDARD 

| ASTM F877, ASTM F1055, 

| ASTM F1807, ASTM F1960, 

| ASTMEF2080, ASTM F2159, 
ASTM F2434, CSAB137.5, 

| CSA C448, NSF 358-3 

| ASTM D2683, ASTM D3261, 

| ASTM F1055, CSA B137.1, 

| CSA C448, NSF 358-1 

| ASTM F2389, CSA B137.11, 

[ NSF 358-2 

| ASTM D3261, ASTM F1055, 

_ ASTM F1807, ASTM F2080, 

_ ASTM F2159, ASTM F2769, 

CSA B137.18, CSA C448: 

NSF 358-4 


F 104.4 Underground Piping and Submerged Mate- 


rials. Underground and submerged piping for a ground-heat 


exchanger shall be polyethylene (PE) pipe or tubing in accor- 


dance with Section F 104.4.1 and Section F 104.4.1.1, or 


cross-linked polyethylene (PEX) pipe or tubing in accordance 
with Section F 104.4.2 and Section F 104.4.2.1. 
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F 104.4.1 Polyethylene (PE). Polyethylene pipe or 
tubing shall be manufactured in accordance with the 
standards listed in Table F 104.2. Pipe or tubing shall 
have a minimum wall thickness equal to SDR-11 and 
shall have a minimum pressure rating of not less than 160 
psi (1103 kPa) at 73°F (23°C). 

Polyethylene pipe and tubing shall be manufactured 
from a PE compound that has a pipe material designa- 
tion code of PE 3608, PE 3708, PE 3710, PE 4608, PE 
4708, or PE 4710 as defined in the applicable standards 
referenced in Table F 104.2, with a cell classification in 
accordance with ASTM D3350 appropriate for the mate- 
rial designation code, and a color and ultraviolet stabi- 
lizer code of C or E. Code E compounds shall be 
stabilized against deterioration from unprotected expo- 
sure to ultraviolet rays for not less than 3 years in accor- 
dance with the test criteria specified in ASTM D2513. 


F 104.4.1.1 Joining Methods for Polyethylene 
Pipe or Tubing. Joints between high density poly- 
ethylene (HDPE) plastic pipe or tubing and fittings 
shall be installed in accordance with the manufac- 
turer’s installation instructions, the appropriate stan- 
dards listed in accordance with Table F 104.3, and 
one of the following heat fusion methods: 


(1) Butt-fusion joints shall be made in accordance 
with ASTM F2620. 


(2) Socket-fusion joints shall be made in accor- 
dance with ASTM F2620. 


(3) Electrofusion joints shall be made in accor- 
dance with ASTM F1055. 


F 104.4.2 Cross-Linked Polyethylene (PEX). 
Cross-linked polyethylene pipe shall be manufactured in 
accordance with the standards listed in Table F 104.3. 
PEX shall have a minimum tubing material designation 
code of PEX 1206 and shall have a minimum pressure 
rating of not less than 160 psi (1103 kPa) at 73°F (23°C). 


F 104.4.2.1 Joining Methods for Cross- 
Linked Polyethylene Tubing. Joints between 
cross-linked polyethylene (PEX) pipe or tubing and 
fittings shall be installed in accordance with the 
manufacturer’s installation instructions and the 
appropriate standards in accordance with Table F 
104.3. 


F 104.5 Indoor Piping. Indoor piping, fittings, and acces- 
sories that are part of the groundwater system shall be in 
accordance with Chapter 12. Such materials shall be rated for 
the operating temperature and pressures of the system and 
shall be compatible with the type of transfer medium. 


F 105.0 Heat Pumps. 


F 105.1 Heat Pump Distribution System. The heat 
pump distribution system shall be designed as follows: 


(1) Individual heat pumps shall have the capacity to handle 
the peak load for each zone at its peak hour. 
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(2) Distribution piping and fittings shall be insulated to pre- 
vent condensation inside the building. 


(3) An isolation valve shall be installed on both supply and 
return of each unit. 


(4) Condensate drains on heat pumps shall be installed in 
accordance with the manufacturer’s installation instruc- 
tions. 


(5) Air filters shall be installed for heat pump units. 


(6) Drain valves shall be installed at the base of each supply 
and return pipe riser for system flushing. 


(7) Piping shall be supported in accordance with Section 
313.0 and provisions for vibration, expansion or contrac- 
tion shall be provided. 


(8) Specifications for each heat pump, the heating and cool- 
ing capacity, the fluid flow rate, the airflow rate, and the 
external pressure or head shall be provided on the con- 
struction documents. 

(9) Manually controlled air vents shall be installed at the high 
points in the system and drains at the low points. Where 
the heat-transfer fluid is a salt or alcohol, automatic air 
vents shall not be installed. 

(10) Means for flow balancing for the building loop shall be 
provided. 

(11) Supply and return header temperatures and pressures shall 
be marked. 

F 105.2 Circulating Pumps. The circulating pump shall be 

sized for the operating conditions and the heat transfer fluid 

properties. 


F 106.0 Valves. 


>> F 106.1 Where Required. Shutoff valves shall be installed 


in ground source-loop piping systems in the locations indi- 


| cated in Section F 106.2 through Section F 106.8. 
>> F 106.2 Heat Exchangers. Shutoff valves shall be 


» 
» 
» 
» 


» 


installed on the supply and return side of a heat exchanger, 
except where the heat exchanger is integral with a boiler or is 
a component of a manufacturer’s boiler and heat exchanger 
packaged unit, and is capable of being isolated from the 
hydronic system by the supply and return valves. 

F 106.3 Central Systems. Shutoff valves shall be installed 
on the building supply and return of a central utility system. 

F 106.4 Pressure Vessels. Shutoff valves shall be 
installed on the connection to a pressure vessel. 

F 106.5 Pressure-Reducing Valves. Shutoff valves shall 
be installed on both sides of a pressure-reducing valve. 

F 106.6 Equipment and Appliances. Shutoff valves shall 
be installed on connections to mechanical equipment and 
appliances. This requirement does not apply to components of 
a ground source loop system such as pumps, air separators, 
metering devices, and similar equipment. 

F 106.7 Expansion Tanks. Shutoff valves shall be 
installed at connections to nondiaphragm-type expansion 
tanks. 
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F 106.8 Reduced Pressure. A pressure relief valve shall << 


be installed on the low-pressure side of a hydronic piping sys- 
tem that has been reduced in pressure. The relief valve shall 
be set at the maximum pressure of the system design. 


F 107.0 Specific System Components Design. 


F 107.1 General. Ground coupled and water source heat 
pumps shall be _ certified in accordance’ with 
AHRI/ASHRAE/ISO 13256-1 for water-to-air heat pumps and 
AHRI/ASHRAE/ISO 13256-2 for water-to-water heat pumps. 
DX heat pumps shall be certified in accordance with ASHRAE 
194. All heat pump equipment used in DX systems shall com- 
ply with AHRI 870. Heat pumps shall be fitted with a means to 
indicate that the compressor is locked out. 


F 107.2 Heat Exchangers. Heat exchangers used for heat 
transfer or heat recovery shall protect the potable water system 
from being contaminated by the heat transfer medium. Single- 
wall heat exchangers shall comply with Section 1218.1. Dou- 
ble-wall heat exchangers shall separate the potable water from 
the heat transfer medium by providing a space between the 
two walls that are vented to the atmosphere. 


F 107.3 Heat-Transfer Medium. The heat-transfer medium 
shall be compatible with components with which it comes into 
contact. Where antifreeze or corrosion inhibitors are used, such 
solutions shall be approved by the Authority Having Jurisdic- 
tion. The heat-transfer fluid flash point shall be not less than 
50°F (27.8°C) above the maximum system operating temper- 
ature. For DX systems, the heat transfer medium shall be a 
refrigerant listed in ASHRAE 34 or this code. 


F 107.4 Insulation. The temperature of surfaces within 
reach of building occupants shall not exceed 140°F (60°C) 
unless they are protected by insulation. Where sleeves are 
installed, the sleeve insulation shall retain its full size over 
the length of the material being protected. 


F 108.0 Installation Practices. 


F 108.1 Prior to Construction. Documents for permits 
shall be submitted prior to the construction of a building sys- 
tem, or water well. Permits shall be issued by the Authority 
Having Jurisdiction. 


F 108.2 Equipment, Accessories, Components, and 
Materials. The mechanical equipment, accessories, compo- 
nents, and materials used shall be of the type and rating 
approved for the specific use. 


F 108.3 Construction Documents. The construction doc- 
uments for the building system portion of the geothermal 
energy system shall be submitted to the Authority Having 
Jurisdiction. 


F 108.4 Site Survey Requirements. The site survey shall 
identify the physical limitations of the land area, including its 
extent, structures, existing wells of all types, proximity of 
other existing ground source heat pump systems, pavements, 
trees, grading, ponds, waterways, easements, overhead and 
underground services, septic systems, any identified septic 
repair areas, utility of rights-of-way, and any other elements 
that could affect an open-loop configuration. 
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Permission shall be obtained from any adjoining prop- 
erty owner(s), as evidenced by the registration and approval 
of a formal easement that meets requirements of the Author- 
ity Having Jurisdiction. It shall be received prior to the instal- 
lation of any open-loop system that will extend into, cross, or 
interfere with the equipment or rights-of-way of utilities, 
jurisdictions, and other property owners. 


The site survey shall include a subsurface investigation 
that meets the requirements for an open-loop heat exchanger. 


F 108.5 Subsurface Investigation. A subsurface inves- 
tigation shall be performed in accordance with Section F 
108.6 as determined by the registered design professional 
conducting the site survey. 


F 108.6 Subsurface Conditions. The water well logs and 
other geological records shall be used to anticipate the sub- 
surface conditions of the aquifer and its potential supply of 
fresh water, multiple aquifers, saltwater intrusions, contami- 
nated soils and groundwater, hazardous gases, and any inter- 
ference with neighboring water wells and ground source heat 
exchangers. 


Geological issues such as permafrost conditions and 
building stability shall be considered when reviewing avail- 
able records. 


F 108.7 Ground-Heat Exchanger Installation Prac- 
tices. A ground-heat exchanger system shall be installed as 
follows: 


(1) Outside piping or tubing located within 5 feet (1524 mm) 
of any wall or structure shall be continuously insulated 
with insulation that has a minimum R-5 value. Such pipe 
or tubing installed under the slab or basement floors shall 
be insulated within 5 feet (1524 mm) from the structure 
to the exterior point of exit from the slab. 


(2) Freeze protection shall be provided where the design of 
the ground-heat exchanger system would permit the heat- 
transfer medium to freeze. 


(3) Horizontal piping shall be installed not less than 12 
inches (305 mm) below the frost line. 


(4) Submerged heat exchangers shall be protected from dam- 
age and shall be securely fastened to the bottom of the 
lake or pond, or other approved submerged structure. 


(5) A minimum separation distance shall be maintained 
between the potable water intake and the submerged heat 
exchanger system in accordance with the Authority Hav- 
ing Jurisdiction. 

(6) Vertical and horizontal ground-heat exchangers shall 
maintain the following setbacks: 


(a) Ten feet (3048 mm) horizontally from a pressure- 
tested sewer lateral into a building. 


(b) Twenty feet (6096 mm) horizontally from a non- 
pressure tested sewer lateral into a building. 


(c) Three feet (914 mm) horizontally from buried utili- 
ties such as electrical, gas, or water. 


(d) Fifty feet (15 240 mm) from a water well. 


(e) Fifty feet (15 240 mm) from a septic tank and 100 
feet (30 480 mm) from a subsurface sewage leach- 
ing field. 
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(f) One hundred feet (30 480 mm) from a spring; or at 
distances specified by the Authority Having Juris- 
diction. 


(7) Wells and boreholes shall be sealed in accordance with 
the Authority Having Jurisdiction. Where grout is 
required, it shall be applied in a single continuous oper- 
ation from the bottom of the borehole by pumping 
through a tremie pipe. 


F 108.8 Trenching, Excavation, and Backfill. Prior to 
excavation, trenching, or drilling, buried utilities, drainage, 
water, and irrigation systems shall be located. Prior to exca- 
vation, trenching, or drilling, the contractor, and owner shall 
agree in writing to site restoration requirements and submit to 
the Authority Having Jurisdiction for approval. Prior to any 
excavation, trenching, or drilling, all buried utilities including 
drainage and irrigation systems shall be located and flagged 
by the appropriate utility and ground source heat pump sys- 
tem contractor representative. 


F 108.9 Trenches, Tunneling, and Driving. Trenches 
shall comply with Section 317.1. Tunneling and driving shall 
comply with Section 317.2. 


F 108.10 Excavations and Open Trenches. Excavations 
required to be made for the installation of piping or tubing 
shall be in accordance with Section 317.3. Piping or tubing 
shall be supported to maintain its alignment and prevent sag- 
ging. Piping in the ground shall be laid on a firm bed for its 
entire length; where other support is otherwise provided, it 
shall be approved in accordance with Section 302.0. Piping or 
tubing shall be backfilled after an inspection in accordance 
with Section 317.4. 


F 108.11 Protection of Piping, Materials, and Struc- 
tures. Piping and tubing passing under or through walls shall 
be protected from breakage in accordance with Section 316.1. 
Piping and tubing shall be installed in accordance with Section 
316.2 to provide for expansion, contraction, and structural set- 
tlement. An electrically continuous corrosion-resistant tracer 
wire (not less than AWG 14) or tape shall be buried with the 
plastic pipe to facilitate locating. One end shall be brought 
aboveground at a building wall or riser. 


F 108.12 Sleeves. In exterior walls, annular space between 
sleeves and pipes shall be sealed and made watertight and 
shall not be subject to a load from building construction in 
accordance with Section 316.7 through Section 316.7.2. 


F 108.13 Steel Nail Plates. Steel nail plates shall be 
installed for plastic and copper piping penetrating framing 
members to within | inch (25.4 mm) of the exposed framing 
in accordance with Section 316.6. 


F 108.14 Exterior Piping Protection. Exterior piping 
shall be fitted with end caps and protected from freezing, UV 
radiation, corrosion, and degradation. 

F 108.15 Heat Pump and Distribution System Instal- 
lation. The heat pump and distribution system shall be 
installed in accordance with the system’s design, with this 
code, and the manufacturer’s installation instructions. 


F 108.16 Pressurizing During Installation. Ground << 


source heat pump ground loop piping to be embedded in con- 
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crete shall be pressure tested prior to pouring concrete. Dur- 
ing pouring, the pipe shall be maintained at the proposed 
operating pressure. 


F 108.17 Horizontal Geothermal Piping - Materials 
and Methods. Horizontal geothermal piping shall be in 
accordance with Section F 108.17.1 through Section F 
108.18.8. 


F 108.17.1 Piping Material. Piping materials and join- 
ing methods for horizontal piping from the ground-heat 
exchanger shall be in accordance with Section F 104.2, 
Section F 104.3, Section F 104.4, Section F 401.3 and 
Section F 104.5. 


F 108.17.2 Dissimilar Materials. Transition fittings 
between dissimilar materials shall be inside or accessible. 


F 108.173 Protection of Piping. Pipes passing 
through walls shall be sleeved and sealed in accordance 
with Section 316.0. 


F 108.18 Trenches, Excavation, and Backfill. Excavation 
for horizontal piping shall comply with Section F 108.18.1 
through Section F 108.18.8, Section F 108.8 through Section F 
108.11, and in accordance with the requirements of the Author- 
ity Having Jurisdiction. Prior to any excavation, trenching, or 
drilling, all buried utilities including drainage, and irrigation 
systems shall be located and flagged by the appropriate utility 
and ground source heat pump system contractor representative. 


F 108.18.1 Trenches. Trenches for underground piping 
or tubing shall be excavated in accordance with the set- 
back requirements in Section F 301.4. 


F 108.18.2 Buried Systems. Buried open-loop sys- 
tem piping, shall be installed not less than 3.3 feet (1006 
mm) below the finished grade. 


F 108.18.3 Pipe Installation. Piping in horizontal 
trenches shall be embedded with not less than 6 inches 
(152 mm) of inert granular material above and below, or 
in accordance with the Authority Having Jurisdiction and 
project specifications. 


Horizontal piping trenching shall be backfilled with 
approved material and shall be compacted. 


F 108.18.4 Separation. The horizontal piping shall be 
separated from fluid-based onsite service systems to pre- 
vent excessive short-circuiting heat transfer between 
such systems. 


F 108.18.5 Insulation. Insulation shall be provided on 
the piping where there is close proximity of all site serv- 
ices to prevent thermal interference between fluid-based 
onsite service systems. 


F 108.18.6 Pipe Bends. Sharp bending of pipe shall be 
prevented or approved elbow fitting shall be used with a 
bend-radius in accordance with the manufacturer’s 
installation instructions. 

F 108.18.7 Closed Cell Insulation. Buried horizon- 
tal open-loop system pipes passing parallel within 5 feet 
(1524 mm) of a wall, structure, or water pipe shall be 
insulated with R-2 minimum closed cell insulation. 
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F 108.18.8 Tracer Markings. Means shall be provided 
for underground detection or utility location of the buried 
pipe system. This shall include, but is not limited to, 
metallic detectable tape, with a thickness of not less than 
11/64 of an inch (4.4 mm) and a width of 6 inches (152 
mm). 

This warning marking shall be permanent, conspicu- 
ous and resistant to the environmental conditions and shall 
be placed within 1 foot to 2 feet (305 mm to 610 mm) on 
top of the horizontal piping of the heat exchanger instal- 
lation. 


F 109.0 System Start-Up. 


F 109.1 General. The following requirements shall be ver- 
ified prior to system start-up: 


(1) Piping shall be cleaned, flushed, and purged. 


(2) The ground-heat exchanger and building piping shall be 
cleaned, flushed, and, where required, shall be filled with 
the heat transfer fluid medium. The ground loop system 
shall be tested at the design flow rate(s) and differential 
pressure(s) recorded. Where the actual pressure change at 
design flow is more than +/- 10 percent of the design 
flow pressure drop, the cause shall be identified and cor- 
rective action taken. 


(3) A method for the removal of air and a method for adding 
heat transfer fluid (where necessary) shall be provided. 


(4) The heat pumps shall be operational and adjustments 
shall be made in accordance with the manufacturer’s 
installation instructions. 


(5) All necessary additional flow tests of the ground-heat 
exchanger shall be completed prior to heat pump start-up. 


(6) Ground-heat exchanger and building piping, valves, and 
operating controls, shall be set, adjusted, and operating as 
required. 


(7) The system shall be labeled at the loop charging valves 
with a permanent-type label, indicating the type of heat 
transfer fluid used. Where antifreeze is used, the labels 
shall indicate the antifreeze type and concentration. 


(8) Supply and return lines, as well as associated isolation 
valves from individual boreholes or water wells, shall be 
identified and tagged. 


(9) Supply and return lines on submerged systems shall be 
identified in an approved manner, at the point of entry to 
a surface water resource. 


F 109.2 Operation and Maintenance Manual. An oper- 
ation and maintenance manual for the geothermal system 
shall be provided to the owner. The manual shall include 
information on required testing and maintenance of the sys- 
tem. Training shall be provided on the system’s operation, 
maintenance requirements, and on the content of the opera- 
tion and maintenance manual. The operation and maintenance 
manual shall contain a layout of the ground-heat exchanger 
and building loop. 


F 109.3 Labeling and Marking. Ground source heat pump << 


ground-loop system piping shall be marked with tape, metal 
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tags, or other methods where it enters a building. The mark- 
ing shall indicate the following words: “GROUND SOURCE 
HEAT PUMP-LOOP SYSTEM.” The marking shall indicate 
antifreeze used in the system by name and concentration. 


F 109.4 Documentation. The ground source heat pump 
system as-built installation drawings and instructions shall be 
provided to the building owner or designated agent. 


F 109.5 Maintenance. The periodic maintenance required, 
in accordance with the design requirements, shall be provided 
and be made available to the owner or designated agent. 


F 109.6 Records. The ground source heat pump system 
construction documents shall be provided to the owner. 


F 109.7 System Start-Up. System start-up shall be in accor- 
dance with CSA C448.1, CSA C448.2, and Section F 109.0. 


F 109.8 Contaminants. Particulate contaminants shall be 
removed from the indoor piping system prior to initial start- 


up. 


F 110.0 Decommissioning and Abandonment. 


F 110.1 General. Decommissioning of geothermal systems 
shall comply with CSA C448. Prior to the abandonment or 
decommissioning of geothermal systems, the owner shall 
obtain the necessary permits from the Authority Having Juris- 
diction. 


Part Il - Closed-Loop Systems. 


F 201.0 General. 


F 201.1 Applicability. Part II of this chapter shall apply to 
geothermal energy systems such as, but not limited to, build- 
ing systems coupled with a closed-loop system using water- 
based fluid as a heat transfer medium. 


F 201.2 Piping and Tubing. Piping and tubing for closed- 
loop systems shall be in accordance Section F 104.2 and 
Table F 104.2. 


F 201.3 Borehole Piping and Tubing. Borehole piping 
or tubing for vertical and horizontally drilled closed-loop sys- 
tems shall have a minimum wall thickness equal to SDR-11 
and shall have a minimum pressure rating of not less than 160 
psi (1103 kPa) at 73°F (23°C). 

F 201.4 Underground Fittings. Underground fittings for 
closed-loop systems shall be in accordance with Section F 
104.3 and Table F 104.3. 


F 201.5 Verification. For closed-loop systems, the system 
shall be flushed of debris and purged of air after completion 
of the entire ground-heat exchanger. Flow rates and pressure 
drops shall be compared to calculated values to assure no 
blockage or kinking of the pipe. A report shall be submitted 
to the owner to confirm that the loop flow is in accordance 
with the construction documents. 

F 201.6 Vertical Bores. Vertical bores shall be drilled to a 
depth to provide complete insertion of the u-bend pipe to its 
specified depth. The borehole diameter shall be sized for the 
installation and placement of the heat exchange u-bend and 
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the tremie used to place the grouting material. CSA C448 
shall be used for vertical loop depth and borehole diameter 
sizing guidance. The u-bend joint and pipe shall be visually 
inspected for integrity in accordance with the manufacturer’s 
installation instructions. The u-bend joint and pipe shall be 
pressurized to not less than 100 psi (689 kPa), not to exceed 
the pressure rating of the pipe at the test temperature, for 1 
hour to check for leaks before insertion into the borehole. 


F 201.6.1 Backfill. Bentonite grout and thermally- 
enhanced bentonite grout, where used to seal and back- 
fill each borehole, shall comply with NSF 60. Boreholes 
shall be backfilled in accordance with the Authority Hav- 
ing Jurisdiction. 

F 201.6.2 U-Bends and Headers. Headers, u-bends 
and ground loop pipes shall be pressure-tested in accor- 
dance with CSA C448, or as required by the Authority 
Having Jurisdiction. Before testing, heat fusion joints 
shall be cooled to ambient temperature. Mechanical 
joints shall be completely assembled. Flushing and purg- 
ing to remove air and debris shall be completed before 
testing. The assembly shall be filled with water (or 
water/antifreeze solution) and purged at a minimum flow 
rate of 2 feet per second (0.6 m/s) to remove air, but not 
more than the maximum flow velocity recommended by 
the pipe and fittings manufacturer to remove debris. 


F 201.6.2.1 Test Pressure. The maximum test 
pressure shall be 1.5 times the system design pres- 
sure, as determined by Section F 201.6.2.3, or Sec- 
tion F 201.6.2.4, not to exceed 100 psi (689 kPa). 
Components or devices with lower pressure-ratings 
than the pipe shall be protected from excessive pres- 
sure during testing by removing or isolating from 
the test section. 


Exception: Where lower pressure-rated components 
or devices cannot be removed or isolated from the test 
section, the maximum test pressure shall not exceed 
the pressure rating of the component or device. 


F 201.6.2.2 Testing Procedure. The test section 
and the test liquid shall be at the same temperature. 
The test section shall be filled with liquid and purged 
of air. The test section shall be brought to the spec- 
ified test pressure. Test pressure shall be maintained 
for 4 hours, with makeup fluid added as needed. The 
test pressure shall be reduced by 10 psi (69 kPa) and 
monitored for 1 hour with no addition of pressure or 
makeup fluid. A passing test is indicated where after 
a period of 1 hour no visual leakage is observed, and 
pressure remains equal to or greater than 95 percent 
of the original pressure. 

F 201.6.2.3 Calculation of Static Pressure 
(Water). For water, the static pressure applied shall 
be equivalent to 0.43 psig (2.96 kPa) per foot (305 
mm) of elevation. 

F 201.6.2.4 Calculation of Static Pressure 
(Other Fluids). For fluids of different density, the 
static pressure shall be calculated using the density 
of the system fluid. 
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F 202.0 Ground-Heat Exchanger Testing. 


F 202.1 Testing. Pressure-testing of the ground-heat 
exchanger shall be performed in accordance with the testing 
method in Section F 201.6. 


F 202.2 Individual Loop Pressure Testing. Individual 
loop testing shall be performed as required by the Authority 
Having Jurisdiction. 


F 202.3 Field Pressure Testing — Final. The ground-heat 
exchanger and building piping shall be cleaned, flushed, and, 
where required, shall be filled with the heat transfer fluid 
medium. The ground loop system shall be tested at the design 
flow rate(s) and differential pressure(s) recorded. Where the 
actual pressure change at design flow is more than +/- 10 per- 
cent of the design flow pressure drop, the cause shall be iden- 
tified, and corrective action taken. 


F 202.4 Field Flow Testing — Final. Final field flow test- 
ing shall be performed as required by the Authority Having 
Jurisdiction. 


Part Ill - Open-Loop Systems. 


F 301.0 General. 


F 301.1 Applicability. Part III of this appendix shall apply 
to geothermal energy systems such as, but not limited to, 
building systems coupled with a groundwater (well) or sur- 
face water open-loop using water-based fluid as a heat trans- 
fer medium. The regulations of this appendix shall govern the 
construction, location and installation of geothermal energy 
systems. 


Indoor piping, fittings, and accessories that are part of 
the groundwater system shall be in accordance with Section 
F 104.4 and Chapter 12. 


F 301.2 Test Wells. Test wells drilled to investigate subsur- 
face conditions shall provide details of the groundwater loca- 
tion, chemical and physical characteristics, rock strata, and 
temperature profiles. The number of test wells shall be deter- 
mined in accordance with the Authority Having Jurisdiction. 
Each test well shall be tested for flow rate for a period of not 
less than 24 hours. Water samples shall be collected in accor- 
dance with NGWA-01 from each well to establish existing 
water quality levels are approved for groundwater system use. 
Water samples shall be analyzed for standard drinking water, 
fecal and coliform content, bacterial iron, nitrate, dissolved 
minerals, pH, hardness, and other compounds in accordance 
with NGWA-O1 or in accordance with the Authority Having 
Jurisdiction. Wells shall be tested for water production and 
recovery. Monitoring wells shall be protected, and marked to 
allow for monitoring of ground temperature, groundwater lev- 
els, and groundwater quality. 


F 301.3 Installation of Water Wells. Water supply, 
recharge wells, and pumping equipment shall be hydrauli- 
cally tested, sealed, and grouted in accordance with approved 
well construction practices and submitted to the Authority 
Having Jurisdiction for approval. Wells shall be tested for 
water production and recovery, water quality before final sys- 
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tem design. Wells shall be disinfected upon completion in 
accordance with NGWA-O1 or in accordance with the 
Authority Having Jurisdiction. A copy of the water quality 
test results and the log of well construction in accordance with 
NGWA-O1 shall be provided to the owner. 


F 301.4 Setbacks. Open-loop ground-heat exchangers shall 
maintain the following minimum setbacks or at distances 
specified by the Authority Having Jurisdiction: 


(1) Ten feet (3048 mm) horizontally from a pressure-tested 
sewer lateral into a building. 


(2) Twenty feet (6096 mm) horizontally from a non-pressure 
tested sewer lateral into a building. 


(3) Three feet (914 mm) horizontally from buried utilities 
such as electrical, gas, or water. 


(4) Fifty feet (15 240 mm) from a water well. 


(5) Fifty feet (15 240 mm) from a septic tank and 100 feet 
(30 480 mm) from a subsurface sewage leaching field. 


(6) One hundred feet (30 480 mm) from a spring. 


F 302.0 Open Ground Water Systems. 


F 302.1 General. The installation and use of water wells 
shall be in accordance with the Authority Having Jurisdic- 
tion. The water well records shall include well logs, pumping 
tests, and aquifer information. 


F 302.2 Open-Loop Water Well Drilling Logs. The 
water well drilling logs shall include the following: 


(1) The subsurface stratigraphy. 


(2) The aquifer type and conditions such as, but not limited 
to, confined, unconfined, flowing and depth. 


(3) The drilling method used and the penetration speed. 


(4) The presence of substances known to have a potential 
risk to health and safety shall be documented in the drill 
logs and the property owner shall be advised of the 
potential risk to health and safety. 


F 302.3 Design Considerations. A groundwater heat 

pump system shall be designed by a registered design pro- 

fessional. Due design consideration shall be given to the fol- 

lowing: 

(1) Where multiple heat pumps or fan coils are connected to 
a common water loop, a diversified building design load 
shall be used to design a ground water heat pump. 


(2) The water supply well(s) and injection wells, or water 
discharge system, shall be capable of being operated at 
sustainable pumping rates that exceed the maximum 
daily requirements without causing an adverse impact to 
existing or future offsite uses of groundwater or surface 
water bodies. 


(3) The water temperature and the quality and chemical 
composition of the water resource are in accordance with 
the system manufacturer’s recommendations. 


(4) The groundwater and surface water resources shall be 
protected by returning water to the source aquifer or an 
aquifer with the same water quality, or a surface water 
body. 
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(5) The return capacity of the injection, or surface water 
body discharge system, shall be suitable under winter 
conditions. 

(6) The temperature of the return water shall have no adverse 
thermal impacts on offsite existing or future uses of 
groundwater, or on surface water bodies, in accordance 
with the requirements of the Authority Having Jurisdiction. 


(7 


— 


Pressure gauges shall be provided to aid in start-up and 
monitoring of the system during operation. 


(8) The ability to switch over operation of supply and return 
wells for 100 percent standby, redevelopment, cleaning 
of wells, and the thermal balancing of the ground and 
aquifer shall be provided. 


(9) There shall be no adverse effects on the quality and quan- 
tity of offsite existing or future users of groundwater, in 
accordance with the requirements of the Authority Hav- 
ing Jurisdiction. 

F 302.4 Water Wells and Injection Wells. Water wells 

and injection wells for groundwater heat pump systems shall 

be installed and tested by a registered design professional who 
is qualified to drill wells that comply with the requirements of 
the Authority Having Jurisdiction. 


Water supply wells and injection wells shall be devel- 
oped in accordance with NGWA-O1. 


F 302.5 Testing and Sampling. Pumping tests and water 
sampling shall be done as required by the registered design 
professional. 


F 302.6 Disinfection. Water wells shall be disinfected upon 
completion in accordance with the requirements of the 
Authority Having Jurisdiction and NGWA-01. 


F 303.0 Testing and Verification. 


F 303.1 Pumping Test. Water supply wells and injection 
wells shall undergo a stop and start pumping test to demon- 
strate the sand-free yield. 


F 303.2 Retesting. Where sediment is present, the problem 
shall be corrected and the test shall be repeated until accept- 
able results are obtained. 


F 303.3 Variable Rate Pump Test. The operating condi- 
tions of the water supply wells and injection wells shall be 
evaluated and verified with a variable rate pumping. 


F 303.4 Constant Rate Pump Test. The sustainable well 
yield, aquifer coefficients, and zones of influences on the 
groundwater flow requirements shall be confirmed with a con- 
stant rate-pumping test. The constant rate-pumping test shall 
be done on the water supply and injection wells at rates and 
durations as specified by the registered design professional. 

F 303.5 Water Level Monitoring. Water levels shall be 
monitored in the pumping well and observation wells during 
pumping and recovery periods. The monitoring time intervals 
shall be as specified by the registered design professional. 

F 303.6 Injection Wells. Injection testing shall be per- 
formed on water wells that are designated to be used as injec- 
tion wells at rates specified by the registered design 
professional. The results of the drilling and pumping tests 
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shall be provided to the owner or the owner’s representative 
and provided in accordance with requirements of the Author- 
ity Having Jurisdiction. 

F 303.7 Re-Injected Water. The water quality of re- 
injected water into the earth shall comply with the require- 
ments of the Authority Having Jurisdiction. 


Part IV — Direct Exchange (DX) Systems. 


F 401.0 Direct Exchange (DX) Systems. 


F 401.1 General. The installation and use of Direct 
Exchange (DX) wells shall be in accordance with the Author- 
ity Having Jurisdiction. The DX well records shall include 
well logs, pressure tests, and aquifer information. 


F 401.2 Applicability. Part IV of this chapter shall apply to 
geothermal energy systems such as, but not limited to, build- 
ing systems coupled with a DX closed-loop using refrigerant 
as a heat transfer medium. The regulations of this Chapter 
shall govern the construction, location and installation of 
geothermal energy systems. 


Indoor piping, fittings, and accessories that are part of 
the ground source system shall be in accordance with Section 
F 104.5 and Chapter 12. 


F 401.3 DX Systems. Copper pipe and tubing installed for 
DX systems shall be manufactured in accordance with ASTM 
B280 and copper fittings in accordance with ASME B16.22. 
Joints shall be purged with an inert gas and brazed with a 
brazing alloy having 15 percent silver content in accordance 
with AWS AS5.8. Underground piping and tubing shall have 
a cathodic protection system installed. 


F 401.4 DX System Testing. For direct exchange (DX) 
systems, each u-bend shall be tested and proved tight with an 
inert gas at not less than 315 psi (2172 kPa) and maintained 
for 15 minutes without pressure drop. The pressure reading 
after tremie grouting of the boreholes shall be maintained in 
the ground-heat exchanger for not less than 2 hours, in accor- 
dance with CSA C448. 


F 401.5 Indoor Piping. For DX systems, joints shall be 
purged with an inert gas and brazed with a brazing alloy hav- 
ing 15 percent silver content in accordance with AWS AS.8. 


F 401.6 On Site Storage. For DX systems, copper piping 
and fittings shall be stored to prevent physical damage, con- 
tamination, and each pipe or tubing shall be pressurized with 
an inert gas and sealed with a cap. 


F 401.7 System Start-Up. DX system start-up shall be in 
accordance with Section F 109.1 and the following: 


(1) DX systems shall be pressurized using nitrogen for not 
less than | hour. There shall be no allowable variance to 
the test pressure after being corrected for ambient tem- 
perature changes during the test. The test pressure shall 
not exceed 150 psig (1034 kPa) when pressure testing 
the compressor unit and indoor system components. 


(2) DX systems shall have permanent type labels installed 
and affixed on the compressor unit with the refrigerant 
type and quantity. 


2022 CALIFORNIA MECHANICAL CODE 


APPENDIX F 


G3 (3) For DX systems, refrigerant liquid and vapor lines from 
the loop system shall be identified and tagged. 
F 401.8 DX Piping. DX Piping should be installed in accor- 
dance with approved plans and specifications, including pro- 
visions for cathodic protection. 
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2, CALIFORNIA MECHANICAL CODE — MATRIX ADOPTION TABLE 
APPENDIX G — SIZING OF VENTING SYSTEMS AND OUTDOOR COMBUSTION AND VENTILATION OPENING DESIGN 
(Matrix Adoption Tables are non-regulatory, intended only as an aid to the code user. See Chapter 1 for state agency authority and building applications.) 


oe 


= 


| 


BSC- HCD DSA OSHPD | 
Adopting Agency BSC |" | SFM BSCC | DPH|AGR|DWR|CEC CA | SL SLC 


1 | 2) 1-AC;}AC|)SS| SS/CC | 1|1R}2);3|)4)5 


Adopt Entire Chapter 


Adopt Entire Chapter as 
amended (amended sections 

listed below) | | 
Adopt only those sections nap 

that are listed below i ot I | 


a — 


| 
Chapter/Section | | 


+ 


This state agency does not adopt sections identified with the following symbol: if 
The Office of the State Fire Marshal's adoption of this chapter or individual sections is applicable to structures regulated by other state agencies pursuant to 


Section 1.11.0. 
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SIZING OF VENTING SYSTEMS AND OUTDOOR COMBUSTION 
AND VENTILATION OPENING DESIGN 


The provisions contained in this appendix are not mandatory unless specifically adopted by a state agency, or referenced in 
the adopting ordinance. 


(The content of this Appendix is based on Annex F and Annex | of NFPA 54) 


»> G 101.0 General. G 101.2 Examples Using Single Appliance Venting << 

>> G 101.1 Applicability. This appendix provides general Tables. See Figure G 101.2(1) through Figure G 101.2(14). 
guidelines for sizing venting systems serving appliances 
equipped with draft hoods, Category I appliances, and appli- 
ances listed for use with Type B vents. 


Vent cap 


Tile-lined masonry 
Tyoe B chimney 
ype 
doubie-wall 
gas vent 


H Type B double-wall 
gas vent used as 
connector 


[mmm 


Table 803.1.2(3) is used when sizing a Type B double-wall gas vent con- J 
nector attached to a tile-lined masonry chimney. 


| Table 803.1.2(1) is used when sizing a Type B double-wall gas vent con- Notes: 


nected directly to the appliance. 1. A is the equivalent cross-sectional area of the tile liner. 


: ; . 2. The appliance can be either Category I draft hood-equipped or fan- | 
| Note: The appliance can be either Category I draft hood-equipped or fan- assisted type. 


assisted type. 


FIGURE G 101.2(3) « 
VENT SYSTEM SERVING A SINGLE APPLIANCE 
WITH A MASONRY CHIMNEY AND A 
TYPE B DOUBLE-WALL VENT CONNECTOR 


» FIGURE G 101.2(1) 
TYPE B DOUBLE-WALL VENT SYSTEM 
SERVING A SINGLE APPLIANCE WITH A 
TYPE B DOUBLE-WALL VENT 


Vent cap 


Type B Tile-lined masonry 
doubie-wall 


gas vent 


K—— L 


Single-wall 
vent connector 


Single-wall 
vent connector 


Table 803.1.2(4) is used when sizing a single-wall vent connector attached i 
to a tile-lined masonry chimney. 
| Table 803.1.2(2) is used when sizing a single-wall metal vent connector 


attached to a Type B double-wall gas vent. Notes: ye 8 
: 1. A is the equivalent cross-sectional area of the tile liner. 
> | Note: The appliance can be either Category I draft hood-equipped or fan- 2. The appliance can be either Category I draft hood-equipped or fan- J 
assisted type. assisted type. 
» FIGURE G 101.2(2) FIGURE G 101.2(4) « 


TYPE B DOUBLE-WALL VENT SYSTEM SERVING A SINGLE VENT SYSTEM SERVING A SINGLE APPLIANCE USING 


APPLIANCE WITH A SINGLE-WALL 
METAL VENT CONNECTOR 
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A MASONRY CHIMNEY AND A SINGLE-WALL METAL 
VENT CONNECTOR 
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Asbestos cement Type B or single-wall metal vent serving a single draft 
hood-equipped appliance. [See Table 803.1.2(5)] 


»> FIGURE G 101.2(5) 
ASBESTOS CEMENT TYPE B OR SINGLE-WALL 
METAL VENT SYSTEM SERVING A SINGLE 
DRAFT HOOD-EQUIPPED APPLIANCE 


double-wall 
gas vent used 
as connectors 


] Table 803.2(1) is used when sizing Type B double-wall gas vent connectors 
attached to a Type B double-wall common vent. 


| Note: Each appliance can be either Category I draft hood-equipped or fan- 
assisted type. 


»> FIGURE G 101.2(6) 
VENT SYSTEM SERVING TWO OR MORE 
APPLIANCES WITH TYPE B DOUBLE-WALL VENT AND 
TYPE B DOUBLE-WALL VENT CONNECTORS 
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Type B double-wall 
common vent 


Connector 


Single-wall vent 
connectors 


Table 803.2(2) is used when sizing single-wall vent connectors attached to J 
a Type B double-wall common vent. 


Note: Each appliance can be either Category I draft hood-equipped or fan- | 
assisted type. 


FIGURE G 101.2(7) « 
VENT SYSTEM SERVING TWO OR MORE 
APPLIANCES WITH TYPE B DOUBLE-WALL VENT 
AND SINGLE-WALL METAL VENT CONNECTORS 


Tile-lined masonry 
chimney 


Type B 
double-wall 
gas vent 
used as 
connectors 


[ 


Table 803.2(3) is used when sizing Type B double-wall vent connectors | 
attached to a tile-lined masonry chimney. 


Notes: 

1. A is the equivalent cross-sectional area of the tile liner. 

2. Each appliance can be either Category I draft hood-equipped or fan- | 
assisted type. 


FIGURE G 101.2(8) «<< 
MASONRY CHIMNEY SERVING TWO OR MORE 
APPLIANCES WITH TYPE B DOUBLE-WALL 
VENT CONNECTORS 
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Tile-lined masonry 
chimney 


Single-wall vent 


H connector 


Connector 
rise R 


| Table 803.2(4) is used when sizing single-wall metal vent connectors Example: Manifolded common vent connector L can be no greater than 18 
attached to a tile-lined masonry chimney. times the common vent connector manifold inside diameter; that is, a 4 inch 
(102 mm) inside diameter common vent connector manifold should not ] 
Notes: exceed 72 inches (1829 mm) in length. [See Section 803.2.3] 


1. A is the equivalent cross-sectional area of the tile liner. 
| 2. Each appliance can be either Category I draft hood-equipped or fan- 


assisted type. Note: This is an illustration of a typical manifolded vent connector. Differ- 
ent appliance, vent connector, or common vent types are possible. [See Sec- 
»» FIGURE G 101.2(9) tion 803.2] 
MASONRY CHIMNEY SERVING TWO OR 
MORE APPLIANCES WITH SINGLE-WALL FIGURE G 101.2(11) «<< 
a METAL VENT CONNECTORS USE OF MANIFOLDED COMMON VENT CONNECTOR 
IE NINE See Section 803.2.4 


Asbestos cement Type B or single-wall metal pipe vent serving two or more Example: Offset common vent 


draft hood-equipped appliances. [See Table 803.2(5)] 
Note: This is an illustration of a typical offset vent. Different appliance, vent 


»> FIGURE G 101.2(10) connector, or vent types are possible. [See Section 803.1 and Section 803.2] 
ASBESTOS CEMENT TYPE B OR SINGLE-WALL 
= METAL VENT SYSTEM SERVING TWO OR FIGURE G 101.2(12) «< 
MORE DRAFT HOOD-EQUIPPED APPLIANCES USE OF OFFSET COMMON VENT 
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Tee same size as 
segment above 


Common vent size 
based on all inputs 
entering this segment 


and available total height Wyble totes 


height H equals 
rise plus distance 


Total input between tees 


Tee same 
size as 
segment 
above 


= 
connector 
I Btu/hr | size if nec- t 
Input | essary Other inputs 
from below 

Vent connector size Common vent size 
depends on: depends on: 
+ Input * Combined !nputs 
* Rise + Available total height H 
* Available total height H * Table 803.2(1) common vent 
* Table 803.2(1) connectors 

»> FIGURE G 101.2(13) 


MULTISTORY GAS VENT DESIGN 
PROCEDURE FOR EACH SEGMENT OF SYSTEM 


»» G 101.3 Example 1: Single Draft Hood-Equipped 
Appliance. An installer has a 120 000 British thermal units 
per hour (Btu/h) (35 kW) input appliance with a 5 inch (127 
mm) diameter draft hood outlet that needs to be vented into a 
10 foot (3048 mm) high Type B vent system. What size vent 
should be used assuming: (1) a 5 foot (1524 mm) lateral sin- 
gle-wall metal vent connector is used with two 90 degree 
(1.57 rad) elbows or (2) a 5 foot (1524 mm) lateral single- 
wall metal vent connector is used with three 90 degree (1.57 
rad) elbows in the vent system? (See Figure G 101.3) 


Solution: 

| Table 803.1.2(2) should be used to solve this problem because 
single-wall metal vent connectors are being used with a Type 
B vent, as follows: 


(1) Read down the first column in Table 803.1.2(2) until the 
row associated with a 10 foot (3048 mm) height and 5 
foot (1524 mm) lateral is found. Read across this row 

| until a vent capacity greater than 120 000 Btu/h (35 kW) 
is located in the shaded columns labeled NAT Max for 
draft hood-equipped appliances. In this case, a 5 inch 
(127 mm) diameter vent has a capacity of 122 000 Btu/h 
| (35.7 kW) and can be used for this application. 


| (2) If three 90 degree (1.57 rad) elbows are used in the vent 
system, the maximum vent capacity listed in the tables 
| must be reduced by 10 percent. This implies that the 5 
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Top-floor—»} 4 
appliance 


Third-floor >| 3 


inch (127 mm) diameter vent has an adjusted capacity of 
only 110 000 Btu/h (32 kW). In this case, the vent sys- 


C 


tem must be increased to 6 inches (152 mm) in diameter. | 
See the following calculations: 


122 000 Btu/h (35.7 kW) x 0.90 = 110 000 Btu/h (32 


kW) for 5 inch (127 mm) vent 
From Table 803.1.2(2), select 6 inches (152 mm) vent. 


186 000 Btu/h (54.5 kW) x 0.90 = 167 000 Btu/h (49 


kW) 


This figure is greater than the required 120 000 
Btu/h (35 kW). Therefore, use a 6 inch (152 mm) vent 
and connector where three elbows are used. 


Use individual vent for top-floor 


appliance if connector 
requirements for rise or total 
height cannot be met 


per 


Use vent 
connector ; 


ee ee 


floor appliance 


Listed cap 


a aan! 


Available total 
height for top- 


Use available total 
height for top-floor 
appliance and 
combined input of 
all appliances on 
common vent 


bid interconnection tee” 


inbia ieee SS 


{NS 
a 


Available total 


Use vent | Rise 
connector /\ 
table LU 


height for third- 
floor appliance 


Available total 


height for second- 


appliance floor appliance 
Use vent 
connector a 
table 5 oe ian 
ae 
a 
Second-floor 
appliance 2 
f ogg : 
& Tee with cap optional 
yi 
s 
First-floor —»- 
appliance 


J 


Pa 


Available total height 

for third-floor appliance 
and combined input of 
three appliances 

(if top-floor 

appliances is not 
connected, measure total 
height to vent top) 


Second interconnection 
tee” 


Use available total 
height for second-floor 
appliance and combined 
heat input of two 
appliances 


| First interconnection tee* 


=f) rT 


Design vent connector for 
first-floor appliance as an 
individual vent of this total 
height for input of first- 
floor appliance 


* Each interconnection tee is same size.as 
segment of common vent directly above 


FIGURE G 101.2(14) 

PRINCIPLES OF DESIGN OF MULTISTORY 
VENTS USING VENT CONNECTOR AND 
COMMON VENT DESIGN TABLES 
[See Section 803.2.13 through Section 803.2.16] 
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Type B 
double-wall 
gas vent 


Single-wall 
connector 


Draft hood- 
equipped appliance 
120 000-Btu/hr input 


For SI units: 1 foot = 304.8 mm, 1000 British thermal units per hour = 0.293 kW 


FIGURE G 101.3 
SINGLE DRAFT HOOD-EQUIPPED APPLIANCE — EXAMPLE 1 


»» G 101.4 Example 2: Single Fan-Assisted Appliance. 
An installer has an 80 000 Btu/h (23.4 kW) input fan-assisted 
” | appliance that must be installed using 10 feet (3048 mm) of 
lateral connector attached to a 30 foot (9144 mm) high Type B 
vent. Two 90-degree (1.57 rad) elbows are needed for the 
installation. Can a single-wall metal vent connector be used for 

this application? (See Figure G 101.4) 


Solution: 


Table 803.1.2(2) refers to the use of single-wall metal vent 

connectors with Type B vent. In the first column find the row 

associated with a 30 foot (9144 mm) height and a 10 foot 

(3048 mm) lateral. Read across this row, looking at the FAN 

Min and FAN Max columns, to find that a 3 inch (76 mm) 

diameter single-wall metal vent connector is not recom- 

mended. Moving to the next larger size single-wall connector 

[4 inch (102 mm)] we find that a 4 inch (102 mm) diameter 

single-wall metal connector has a recommended minimum 

vent capacity of 91 000 Btu/h (26.7 kW) and a recommended 

maximum vent capacity of 144 000 Btu/h (42 kW). The 80 

000 Btu/h (23.4 kW) fan-assisted appliance is outside this 

range, so the conclusion is that a single-wall metal vent con- 

nector cannot be used to vent this appliance using 10 feet 

(3048 mm) of lateral for the connector. However, if the 

| 80,000 Btu/h (23.4 kW) input appliance could be moved to 

within 5 feet (1524 mm) of the vertical vent, a 4 inch (102 

| mm) single-wall metal connector could be used to vent the 

appliance. Table 803.1.2(2) shows the acceptable range of 

vent capacities for a 4 inch (102 mm) vent with 5 feet (1524 

» mm) of lateral to be between 72 000 Btu/h (21.1 kW) and 157 
000 Btu/h (46 kW). 


If the appliance cannot be moved closer to the vertical 
vent, a Type B vent could be used as the connector material. 
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double-wall 


gas vent 
Vent connector 


10 feet lateral 
30 feet 


Fan-assisted appliance 
80 000-Btu/hr input 


For SI units: 1 foot = 304.8 mm, 1000 British thermal units per hour = 0.293 kW 


FIGURE G 101.4 
SINGLE FAN-ASSISTED APPLIANCE — EXAMPLE 2 


In this case, Table 803.1.2(1) shows that, for a 30 foot (9144 
mm) high vent with 10 feet (3048 mm) of lateral, the accept- 
able range of vent capacities for a 4 inch (102 mm) diameter 
vent attached to a fan-assisted appliance is between 37 000 
Btu/h (10.8 kW) and 150 000 Btu/h (44 kW). 


G 101.5 Example 3: Interpolating Between Table Val- 
ues. An installer has an 80 000 Btu/h (23.4 kW) input appli- 
ance with a 4 inch (102 mm) diameter draft hood outlet that 
needs to be vented into a 12 foot (3658 mm) high Type B 
vent. The vent connector has a 5 foot (1524 mm) lateral 


« 


« 


length and is also Type B. Can this appliance be vented using | 


a 4 inch (102 mm) diameter vent? 


Solution: 


Table 803.1.2(1) is used in the case of an all Type B Vent 
system. However, Table 803.1.2(1) does not have an entry 
for a height of 12 feet (3658 mm), and interpolation must be 
used. Read down the 4 inch (102 mm) diameter NAT Max 
column to the row associated with 10 foot (3048 mm) height 
and 5 foot (1524 mm) lateral to find the capacity value of 77 
000 Btu/h (22.6 kW). Read further down to the 15 foot (4572 
mm) height, 5 foot (1524 mm) lateral row to find the capac- 
ity value of 87 000 Btu/h (25.5 kW). The difference between 
the 15 foot (4572 mm) height capacity value and the 10 foot 
(3048 mm) height capacity value is 10 000 Btu/h (3 kW). The 
capacity for a vent system with a 12 foot (3658 mm) height 
is equal to the capacity for a 10 foot (3048 mm) height plus 
two-fifths of the difference between the 10 foot (3048 mm) 
and 15 foot (4572 mm) height values, or 77 000 Btu/h (22.6 
kW) + % x 10 000 Btu/h (3 kW) = 81 000 Btu/h (23.7 kW). 


Therefore, a 4 inch (102 mm) diameter vent can be used in the | 


installation. 
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»» G 102.0 Examples Using Common Venting Tables. 
»>» G 102.1 Example 4: Common Venting Two Draft 


Hood-Equipped Appliances. A 35 000 Btu/h (10.3 kW) 
water heater is to be common vented with a 150 000 Btu/h 
(44 kW) furnace, using a common vent with a total height of 
30 feet (9144 mm). The connector rise is 2 feet (610 mm) for 
the water heater with a horizontal length of 4 feet (1219 mm). 
The connector rise for the furnace is 3 feet (914 mm) with a 
horizontal length of 8 feet (2438 mm). Assume single-wall 
metal connectors will be used with Type B vent. What size 
connectors and combined vent should be used in this instal- 
lation? (See Figure G 102.1) 


Solution: 


Table 803.2(2) should be used to size single-wall metal 
vent connectors attached to Type B vertical vents. In the vent 
connector capacity portion of Table 803.2(2), find the row 
associated with a 30 foot (9144 mm) vent height. For a 2 foot 
(610 mm) rise on the vent connector for the water heater, read 
the shaded columns for draft hood-equipped appliances to 
find that a 3 inch (76 mm) diameter vent connector has a 
capacity of 37 000 Btu/h (10.8 kW). Therefore, a 3 inch (76 


| mm) single-wall metal vent connector can be used with the 


water heater. For a draft hood-equipped furnace with a 3 foot 


| (914 mm) rise, read across the appropriate row to find that a 


5 inch (127 mm) diameter vent connector has a maximum 
capacity of 120 000 Btu/h (35 kW) (which is too small for 
the furnace), and a 6 inch (152 mm) diameter vent connecior 
has a maximum vent capacity of 172 000 Btu/h (50 kW). 
Therefore, a 6 inch (152 mm) diameter vent connector should 
be used with the 150 000 Btu/h (44 kW) furnace. Because 
both vent connector horizontal lengths are less than the max- 


| imum lengths listed in Section 803.2.1, the table values can be 


» 


used without adjustments. 


Type B double- 
wall gas vent 


Single-wall 
connectors 


Draft hood- 


equipped Draft hood- 
water heater equipped furnace 
35 000 Btu/hr 150 000 Btu/hr 


input input 


For SI units: | foot = 304.8 mm, 1000 British thermal units per hour = 0.293 kW 


FIGURE G 102.1 
COMMON VENTING TWO DRAFT 
HOOD-EQUIPPED APPLIANCES — EXAMPLE 4 
500 


In the common vent capacity portion of Table 803.2(2), 
find the row associated with a 30 foot (9144 mm) vent height 
and read over to the NAT + NAT portion of the 6 inch (152 
mm) diameter column to find a maximum combined capac- 
ity of 257 000 Btu/h (75 kW). Since the two appliances total 
only 185 000 Btu/h (54 kW), a 6 inch (152 mm) common vent 
can be used. 


G 102.2 Example 5(a): Common Venting a Draft << 


Hood-Equipped Water Heater with a Fan-Assisted 
Furnace into a Type B Vent. In this case, a 35 000 Btu/h 
(10.3 kW) input draft hood-equipped water heater with a 4 
inch (102 mm) diameter draft hood outlet, 2 feet (610 mm) of 
connector rise, and 4 feet (1219 mm) of horizontal length is 
to be common vented with a 100 000 Btu/h (29 kW) fan- 
assisted furnace with a 4 inch (102 mm) diameter flue collar, 
3 feet (914 mm) of connector rise, and 6 feet (1829 mm) of 
horizontal length. The common vent consists of a 30 foot 
(9144 mm) height of Type B vent. What are the recom- 
mended vent diameters for each connector and the common 
vent? The installer would like to use a single-wall metal vent 
connector. (See Figure G 102.2) 


Solution: 
Water Heater Vent Connector Diameter. Since the water 


’ heater vent connector horizontal length of 4 feet (1219 mm) is 


less than the maximum value listed in Table 803.2(2), the 


venting table values can be used without adjustments. Using | 


the Vent Connector Capacity portion of Table 803.2(2), read 
down the Total Vent Height (#) column to 30 feet (9144 mm) 
and read across the 2 feet (610 mm) Connector Rise (R) row 
to the first Btu/h rating in the NAT Max column that is equal 


to or greater than the water heater input rating. The table shows | 


that a 3 inch (76 mm) vent connector has a maximum input 
rating of 37 000 Btu/h (10.8 kW). Although this rating is 


greater than the water heater input rating, a 3 inch (76 mm) | 


vent connector is prohibited by Section 803.2.18. A 4 inch 
(102 mm) vent connector has a maximum input rating of 67 
000 Btu/h (19.6 kW) and is equal to the draft hood outlet diam- 
eter. A 4 inch (102 mm) vent connector is selected. Since the 
water heater is equipped with a draft hood, there are no mini- 
mum input rating restrictions. 


Furnace Vent Connector Diameter. Using the Vent Con- 


nector Capacity portion of Table 803.2(2), read down the 
Total Vent Height (H) column to 30 feet (9144 mm) and 


across the 3 feet (914 mm) Connector Rise (R) row. Because | 


the furnace has a fan-assisted combustion system, find the 


first FAN Max column with a Btu/h rating greater than the | 


furnace input rating. The 4 inch (102 mm) vent connector has 
a maximum input rating of 119 000 Btu/h (34.9 kW) and a 
minimum input rating of 85 000 Btu/h (24.9 kW). 


The 100 000 Btu/h (29 kW) furnace in this example falls 
within this range, so a 4 inch (102 mm) connector is adequate. 
Because the furnace vent connector horizontal length of 6 feet 
(1829 mm) is less than the maximum value listed in Section 
803.2.1, the venting table values can be used without adjust- 
ment. If the furnace had an input rating of 80 000 Btu/h (23.4 
kW), a Type B vent connector would be needed in order to 
meet the minimum capacity limit. 


2022 CALIFORNIA MECHANICAL CODE 


S, 


Common Vent Diameter. The total input to the common 
vent is 135 000 Btu/h (40 kW). Using the Common Vent 
| Capacity portion of Table 803.2(2), read down the Total Vent 
Height (7) column to 30 feet (9144 mm) and across this row 
to find the smallest vent diameter in the FAN + NAT column 
| that has a Btu/h rating equal to or greater than 135 000 Btu/h 
(40 kW). The 4 inch (102 mm) common vent has a capacity 
of 132 000 Btu/h (39 kW) and the 5 inch (127 mm) common 
vent has a capacity of 202 000 Btu/h (59 kW). Therefore, the 
| 5 inch (127 mm) common vent should be used in this exam- 
ple. 
| Summary: In this example, the installer can use a 4 inch (102 
mm) diameter, single-wall metal vent connector for the water 
heater and a 4 inch (102 mm) diameter, single-wall metal vent 
| connector for the furnace. The common vent should be a 5 
inch (127 mm) diameter Type B vent. 


Type B 
double-wall 


gas vent = 30 feet 


Combined capacity 
35 000 + 100 000 = 
135 000 Btu/hr 


Single-wall 


connectors 


Waiter heater 
35 000 Btu/hr 
input 


Fan-assisted furnace 
100 000 Btu/hr input 


For SI units: 1 foot = 304.8 mm, 1000 British thermal units per hour = 0.293 kW 


FIGURE G 102.2 
COMMON VENTING A DRAFT HOOD-EQUIPPED WATER 
HEATER WITH A FAN-ASSISTED FURNACE INTO ATYPE B 
DOUBLE-WALL COMMON VENT — EXAMPLE 5(a) 


>> G 102.3 Example 5(b): Common Venting into an Interior 


Masonry Chimney. In this case, the water heater and fan- 
assisted furnace of Example 5(a) are to be common-vented into 

| a claytile-lined masonry chimney with a 30 foot (9144 mm) 
height. The chimney is not exposed to the outdoors below the 
roof line. The internal dimensions of the clay tile liner are nom- 
inally 8 inches (203 mm) by 12 inches (305 mm). Assuming the 
same vent connector heights, laterals, and materials found in 
Example 5(a), what are the recommended vent connector diam- 
eters, and is this an acceptable installation? 


Solution: 
Table 803.2(4) is used to size common venting installations 
involving single-wall connectors into masonry chimneys. 


Water Heater Vent Connector Diameter. Using Table 

| 803.2(4), Vent Connector Capacity, read down the Total Vent 
Height (H) column to 30 feet (9144 mm), and read across the 2 
feet (610 mm) Connector Rise (R) row to the first Btu/h rating in 
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the NAT Max column that is equal to or greater than the water | 
heater input rating. The table shows that a 3 inch (76 mm) vent 
connector has a maximum input of only 31 000 Btu/h (9 kW), | 
while a 4 inch (102 mm) vent connector has a maximum input 
of 57 000 Btu/h (16.7 kW). A 4 inch (102 mm) vent connector 
must therefore be used. j 


Furnace Vent Connector Diameter. Using the Vent Con- 
nector Capacity portion of Table 803.2(4), read down the 
Total Vent Height (H) column to 30 feet (9144 mm) and | 
across the 3 feet (914 mm) Connector Rise (R) row. Because 
the furnace has a fan-assisted combustion system, find the 
first FAN Max column with a Btu/h rating greater than the | 
furnace input rating. The 4 inch (102 mm) vent connector has 
a maximum input rating of 127 000 Btu/h (37 kW) and a min- 
imum input rating of 95 000 Btu/h (27.8 kW). The 100 000 
Btu/h (29 kW) furnace in this example falls within this range, 
so a 4 inch (102 mm) connector is adequate. ] 


Masonry Chimney. From Table G 102.3, the Equivalent 
Area for a Nominal Liner size of 8 inches (203 mm) by 12 | 
inches (305 mm) is 63.6 of a square inches (0.041 m7). Using 
Table 803.2(4), Common Vent Capacity, read down the FAN 
+ NAT column under the Minimum Internal Area of Chimney 
value of 63 to the row for 30 foot (9144 mm) height to find a 
capacity value of 739 000 Btu/h (217 kW). The combined input 
rating of the furnace and water heater, 135 000 Btu/h (40 kW), 
is less than the table value so this is an acceptable installation. 


Section 803.2.17 requires the common vent area to be no 
greater than seven times the smallest listed appliance catego- 
rized vent area, flue collar area, or draft hood outlet area. Both 
appliances in this installation have 4 inch (102 mm) diameter 
outlets. From Table G 102.3, the equivalent area for an inside 
diameter of 4 inches (102 mm) is 12.2 of a square inches (0.008 
m7). Seven times 12.2 equals 85.4, which is greater than 63.6, | 
so this configuration is acceptable. 


G 102.4 Example 5(c): Common Venting into an Exte- << 
rior Masonry Chimney. In this case, the water heater and 
fan-assisted furnace of Examples 5(a) and 5(b) are to be com- 
mon-vented into an exterior masonry chimney. The chimney 
height, clay-tile-liner dimensions, and vent connector heights 
and laterals are the same as in Example 5(b). This system is 
being installed in Charlotte, North Carolina. Does this exterior 
masonry chimney need to be relined? If so, what corrugated 
metallic liner size is recommended? What vent connector 
diameters are recommended? [See Table G 102.3 and Figure 
803.1.2(6)] 


Solution: 


According to Section 803.2.20, Type B vent connectors 
are required to be used with exterior masonry chimneys. Use 
Table 803.2(8) and Table 803.2(9) to size FAN+NAT common 
venting installations involving Type-B double-wall connectors 
into exterior masonry chimneys. 


The local 99 percent winter design temperature needed to 
use Table 803.2(8) and Table 803.2(9) can be found in 
ASHRAE Handbook — Fundamentals. For Charlotte, North 
Carolina, this design temperature is 19°F (-7.2°C). 


501 


APPENDIX G 


Chimney Liner Requirement. As in Example 5(b), use 
the 63 square inch (0.04 m7) internal area columns for this 
size clay tile liner. Read down the 63 square inches (0.04 m’) 
column of Table 803.2(8) to the 30 foot (9144 mm) height 
row to find that the combined appliance maximum input is 
747 000 Btu/h (218.9 kW). The combined input rating of the 
appliances in this installation, 135 000 Btu/h (40 kW), is less 
than the maximum value, so this criterion is satisfied. Table 
803.2(9), at a 19°F (-7.2°C) design temperature, and at the 
same vent height and internal area used earlier, shows that 
the minimum allowable input rating of a space-heating appli- 
ance is 470 000 Btu/h (137.7 kW). The furnace input rating 
of 100 000 Btu/h (29 kW) is less than this minimum value. So 
this criterion is not satisfied, and an alternative venting design 
needs to be used, such as a Type B vent shown in Example 
5(a) or a listed chimney liner system shown in the remainder 
of the example. 


According to Section 803.2.19, Table 803.2(1) or Table 
803.2(2) is used for sizing corrugated metallic liners in 
masonry chimneys, with the maximum common vent capac- 
ities reduced by 20 percent. This example will be continued 
assuming Type B vent connectors. 


Water Heater Vent Connector Diameter. Using Table 
803.2(1) Vent Connector Capacity, read down the total Vent 
Height (H) column to 30 feet (9144 mm), and read across the 
2 feet (610 mm) Connector Rise (R) row to the first Btu/hour 
rating in the NAT Max column that is equal to or greater than 
the water heater input rating. The table shows that a 3 inch (76 
mm) vent connector has a maximum capacity of 39 000 Btu/h 
(11.4 kW). Although this rating is greater than the water 
heater input rating, a 3 inch (76 mm) vent connector is pro- 
hibited by Section 803.2.20. A 4 inch (102 mm) vent con- 
nector has a maximum input rating of 70 000 Btu/h (20.5 kW) 


TABLE G 102.3 
MASONRY CHIMNEY LINER DIMENSIONS WITH CIRCULAR EQUIVALENTS* 


NOMINAL LINER SIZE INSIDE DIMENSIONS OF LINER INSIDE DIAMETER OR EQUIVALENT EQUIVALENT AREA 
(inches) (inches) DIAMETER (inches) (square inches) 

4.0 12.2 

4x8 2Y5 x 6% Bi fhe 

6.0 28.3 

7.0 38.3 

8x8 ig iA ptt) 

8.0 50.3 

8x12 6s x 10 20 63.6 

10.0 78.5 

12x 12 9%; x 9% 10g oe 

11.0 95.0 

11.8 107.5 

12x 16 914 x 135 12.0 113.0 

14.0 153.9 

rear 134% x 13% is One 

15.0 176.7 

16x 20 13x17 16.2 7 Ato 

18.0 254.4 

20 x 20 16% x 16% b8:2 A002 

20.0 314.1 

20 x 24 16% x 20% 20:1 wag 

22.0 380.1 

24x24 20% x 20% se 380.1 

24.0 452.3 

74x28 20% x 24% 24.1 456.2 

28 x 28 24; x 24Y% 26.4 543.3 

27.0 572.5 

30 x 30 2514 x 25Y5 a 607.0 

30.0 106.8 

30x 36 2545 x 31Y = 749.9 

33.0 8553 

36 x 36 314 x 31% witht 2a74 
36.0 1017.9 | 


For SI units, 1 inch. = 25.4 mm, | square inch = 0.000645 m? 


| * Where liner sizes differ dimensionally from those shown in this table, equivalent diameters can be determined from published tables for square and rectan- 
gular ducts of equivalent carrying capacity or by other engineering methods. 
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and is equal to the draft hood outlet diameter. A 4 inch (102 
mm) vent connector is selected. 


Furnace Vent Connector Diameter. Using Table 
803.2(1), Vent Connector Capacity, read down the total Vent 
Height (H) column to 30 feet (9144 mm), and read across the 
3 feet (914 mm) Connector Rise (R) row to the first Btu/h rat- 
ing in the FAN MAX column that is equal to or greater than 
the furnace input rating. The 100 000 Btu/h (29 kW) furnace 
in this example falls within this range, so a 4 inch (102 mm) 
connector is adequate. 


Chimney Liner Diameter. The total input to the common 
vent is 135 000 Btu/h (40 kW). Using the Common Vent 
Capacity portion of Table 803.2(1), read down the total Vent 
Height (H) column to 30 feet (9144 mm) and across this row 
to find the smallest vent diameter in the FAN + NAT column 
that has a Btu/h rating greater than 135 000 Btu/h (40 kW). 
The 4 inch (102 mm) common vent has a capacity of 138 000 
Btu/h (40.4 kW). Reducing the maximum capacity by 20 per- 
cent results in a maximum capacity for a 4 inch (102 mm) 
corrugated liner of 110 000 Btu/h (32 kW), less than the total 
input of 135 000 Btu/h (40 kW). So a larger liner is needed. 
The 5 inch (127 mm) common vent capacity listed in Table 
803.2(1) is 210 000 Btu/h (62 kW), and after reducing by 20 
percent is 168 000 Btu/h (49.2 kW). Therefore, a 5 inch (127 
mm) corrugated metal liner should be used in this example. 


Single Wall Connectors. Once it has been established that 
relining the chimney is necessary, Type B double-wall vent 
connectors are not specifically required. This example could 
be redone using Table 803.2(2) for single-wall vent connec- 
tors. For this case, the vent connector and liner diameters 
would be the same as found for Type B double-wall connec- 
tors. 


»» G 103.0 Example of Combination Indoor and Out- 


door Combustion Air Opening Design. Determine the 
required combination of indoor and outdoor combustion air 
opening sizes for the following appliance installation exam- 
ple. 


Example Installation: A fan-assisted furnace and a draft hood- 
equipped water heater with the following inputs are located in 
a 15 foot by 30 foot (4572 mm by 9144 mm) basement with an 

| 8 foot (2438 mm) ceiling. No additional indoor spaces can be 
used to help meet the appliance combustion air needs. 


Fan-Assisted Furnace Input: 100 000 Btu/h (29 kW) 


Draft Hood-Equipped Water Heater Input: 40 000 Btu/h (11.7 
kW) 


Solution: 
(1) Determine the total available room volume. 
Appliance room volume. 


15 feet by 30 feet (4572 mm by 9144 mm) with an 8 foot 
(2438 mm) ceiling = 3600 cubic feet (101.94 m?) 
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(2) Determine the total required volume. 


The Standard Method to determine combustion air is | 
used to calculate the required volume. 


The combined input for the appliances located in the 
basement is calculated as follows: 


100 000 Btu/h (29 kW) + 40 000 Btu/h (11.7 kW) = 140 
000 Btu/h (41 kW) 


The Standard Method requires that the required volume ] 
be determined based on 50 cubic feet per 1000 Btu/h 
(4.83 m?/kW). 


Using Table G 103.0 the required volume for a 140 000 
Btu/h (41 kW) water heater is 7000 cubic feet (198.22 
m?*). 


Conclusion: 


The indoor volume is insufficient to supply combustion air | 
since the total of 3600 cubic feet (101.94 m*) does not meet 
the required volume of 7000 cubic feet (198.22 m*). There- 
fore, additional combustion air must be provided from the | 
outdoors. 


(3) Determine the ratio of the available volume to the 
required volume: 


3600 cubic feet _ 051 
7000 cubic feet ; 

(4) Determine the reduction factor to be used to reduce the 
full outdoor air opening size to the minimum required 
based on ratio of indoor spaces: t 


1.00 — 0.51 (from Step 3) = 0.49 


(5) Determine the single outdoor combustion air opening 
size as though all combustion air is to come from out- | 
doors. In this example, the combustion air opening 


directly communicates with the outdoors: | 

140 000 Btu/h is 
3000 Beh themalunts. meee 
per square inch (Btu/in?) 


(6) Determine the minimum outdoor combustion air open- 
ingarea: ~ | 


Outdoor opening area = 0.49 (from Step 4) x 47 square 
inches (0.03 m7) 
= 23 square inches (0.01 m?) 


Section 701.7.3(3) requires the minimum dimension of the 
air opening should not be less than 3 inches (76 mm). | 
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TABLE G 103.0 @ 
STANDARD METHOD: REQUIRED VOLUME, ALL APPLIANCES 
[NFPA 54: TABLE A.9.3.2.1] 
APPLIANCE INPUT REQUIRED VOLUME 
(Btu/h) (cubic feet) 
5000 250 | 
10 000 500 
| 15 000 ae 750 
20 000 1000 
25 000 1250 
30 000 1500 
35 000 1750 
40 000 [ 2000 
ke 45 000 2250 
50 000 2500 
55 000 2750 
60 000 3000 
65 000 3250 
70 000 L 3500 
75 000 3750 
80 000 4000 
85 000 4250 
90 000 4500 
95 000 | 4750 
100 000 5000 
105 000 5250 
110 000 | 5500 
115 000 | 5750 
120 000 6000 
125 000 6250 
130 000 L 6500 | 
135 000 6750 
140 000 7000 
145 000 7250 
150 000 7500 
160 000 8000 
170 000 8500 
180 000 9000 
190 000 9500 
200 000 10 000 
210 000 | 10 500 
r 220 000 11 000 
230 000 11 500 | 
240 000 12 000 
250 000 12 500 
260 000 f 13 000 
270 000 13 500 
280 000 14 000 
290 000 14 500 
300 000 15 000 
For SI units: 1000 British thermal units per hour = 0.293 kW, 1 cubic foot = 


0.0283 m? 
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] | 
| | 
| | 


| 
Bsc- HCD DSA OSHPD | earn MEE, taal ee 
Adopting Agency BSC | "Cg | SFM 'BSCC | DPH | AGR DWR CEC CA SL SLC 
1) 2/1-ac|ac|ss|ssicc| 1 |1R| 2 ae 5 igaoes Voie (agree a al 
+— 4— +-— —+——— ; ————— t eee T | } 
Adopt Entire Chapter | | | | 
Adopt Entire Chapter as pi | or | i en: 
amended (amended sections | | 
listed below) | 


Adopt only those sections 
that are listed below 


Chapter/Section 


| 
| eases eae r 


1 


The Office of the State Fire Marshal's adoption of this chapter or individual sections is applicable to structures regulated by other state agencies pursuant to 
Section 1.11.0. 
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APPENDIX H 
EXAMPLE CALCULATION OF OUTDOOR AIR RATE 


The provisions contained in this appendix are not mandatory unless specifically adopted by a state agency, or referenced in 


the adopting ordinance. 


H 101.0 Example Calculation of Outdoor Air Rate. 


H 101.1 Example Calculation. Determine the outdoor air 
rate required for a single zone AC unit serving an interior 
2000 square feet (185.81 m*) conference/meeting room with 
a design occupancy of 100 people. The system supplies and 
returns air from the ceiling. (See Chapter 4 of this code for 
guidelines) 


Solution: 


In accordance with Table 403.2.2, the zone air distribution 
effectiveness is 1.0 since the system supplies cooling only 
from the ceiling. Using the rates from Table 402.1 for a con- 
ference/meeting room, the minimum system outdoor air rate 
is calculated to be: 


R,P,+R,A 
ye = eae (Equation H 101.1) 


E, 


5 x 100 + 0.06 x 2000 
1.0 


= 620 cubic feet per minute (ft?/min) 


Where: 


A, = zone floor area: the net occupiable floor area of 
the zone in square feet. 


P,, = zone population: The largest number of people 
expected to occupy the zone during typical usage. 
Where the number of people expected to occupy 
the zone fluctuates, P_ shall be permitted to be esti- 
mated based on averaging approaches described in 
Section 403.6.1. Where P, cannot be accurately 
predicted during design, it shall be estimated based 
on the zone floor area and the default occupant 
density in accordance with Table 402.1. 


R,, = outdoor airflow rate required per person in accor- 
dance with Table 402.1. 


R_, = outdoor airflow rate required per unit area in accor- 
dance with Table 402.1. 


E, = zone air distribution effectiveness in accordance 
with Table 403.2.2. 


For SI units: 1 square foot = 0.0929 m?, 1 cubic foot per minute = 0.00047 m/s 
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USEFUL TABLES 
CONVERSION TABLES 


Note: The information contained in these tables are not part of this American National Standard (ANS) and have not been 
processed in accordance with ANSI’s requirements for an ANS. As such, these tables may contain material that has not been 
subjected to public review or a consensus process. In addition, they do not contain requirements necessary for conformance to 
the standard. 


UNIT CONVERSIONS 
MULTIPLY BY TO OBTAIN 
Glin hy tithe roses pickers so so recerones operte c Smmen ren. ove tim EOP SUC) reat eee omen Square feet (ft?) 
(pheno co eal Sin Ni de ome Saome oe pee eee fy over pesereennine lye panmens. sma neem ereerred Cubic feet (ft*) 
PE ETLC CU EE Ter ete et ee ea DEST en Gallons (U. S. liquid) 
PSUG SO UCHOM ALIN Verh ererncrttcarecttrertecertteree tet tencvonsct er TOU ee. Centimeters of mercury (0°C) 
PRIS PIlet he: (SLANUAL Gy CAULi fer itcrettireren erties rt eresteneces FAS pecrereccen emp aunecyee repre Centimeters of mercury (0°C) 
PRUMOSOHCLC (StanUaruy Catlil}c-carcmcrtcn tative ses: aeest ens oh aie ae raroeatemonto paeerentane Feet of water (4°C) 
PAtipspMere (Standard "(AU )...ccccusecocesceceeterasscereeenens LIS Cera Inches of mercury . 
Atmosphere (standard) (atm)..............cssccesseeeees TORU Penn eee. Kilopascals (kPa) 
Atmosphere (standard) (atin) . vrirvectirtcttechoecececcssecene 1 lb eae renecag free agama merce’ Pounds-force/square inch (Ibf/in’) 
[EES crt ccs, aera so eeee ae eerreoemaenmnnemnanterrnr trp nt gimme tenes re smsea te meses Gallons (gal) 
| gi Sateen. nae a aaenRhRen en Ean enn eer arene recurrent ocr LoS ere ce retro nem sao Liters (L) 
SCiCiser Wer IalMuliits COU es rset iettetirtececcern ttre es I, Vines te es | nner rma pepe Joules (J) 
British thermal units/hour (Btu/h) ...................008 WOOL tren atten tree r. Kilowatts (kW) 
British thermal units/hour (Btu/h) .............cceeeeeeeeeees Oe 7 a ern ee er: Watts (W) 
British thermal unit hour (Btu/h)..................:00 USSU SO er er reer tac: Kilojoules (kJ) 
« British thermal unit hour (Btu/h)................. eee 1 I 8 sore pars samen Joule (J) 

British thermal units/minute (Btu/min)..................... 1 fl grees ceceen ra Rrarmnppent Foot pounds-force/second (ftslbf/s) 
British thermal units/minute (Btu/min) .................. WULS IO ere ei Horsepower (hp) (international) 
British thermal unit per hour square 

foot degree Fahrenheit [Btu/(heft?*°F)] ............. SGT 8263 Arcee LARS Watt per square meter kelvin [W/(m7*K)] 
British thermal unit inch per hour 

foot degree Fahrenheit [Btuein/(hefte°F)] ......0.14442279 ooo eeeesneeeneeee Watt per meter kelvin [W/(msK)] 
Candelas per square inch (cd/in’)................ (5 SOCD BANOS sceciecderaruisnanroacbes Candela per square meters (cd/m?) 
PGT Get © Peter Pk BS.) Sn) SES 7 2 5 | ae ane Bi Kelvin (k) 
PSST) orcceenctck A Oe Re baasedssciaennanatanenes Lh MN Ne eal nase tensnaconnrtek Fahrenheit (°F) 
Centimeters hous) bea Dette trol AL 1021S Ee op Ee Inches (in) 
Centingeters OF mereunyl OGG Ko ocennasninmnancdacnnsas> CN 2) eee oF Atmosphere (standard) 
Centimeters Of mercury l OPC) D, a crinasonrsanannooanannae rine AAG acsmtinisicabancsnonmancntte Feet of water (4°C) 
Wentinetersmf mer evi ORG) D....n-onrormnnronnanndnnon oct DTS ANA cccncinanonnnconorth Pounds-force/square feet (Ibf/ft”) 
Centime@tersidtamere ity OPA. vissacannevscnneriendinenendes OUTS ssc tacnsnicnnacincnnanneat Pounds-force/square inch (Ibf/in’) 
Par uanier See rs I BIE No sesienseinonernnornannnicnsrodts GIB AOD G wovrnccnsesssnechl Radians (rad) 
Gubieviset, (12) Ts brevets Lic nescconnarnennnnsnacec ne. |e) ene a OR | Cubic inches (in*) 
Ciub teakeeet (2) Agel) arene cence ts ON Ty) an Cubic meters (m’) 
Gubieufect G07) WN). atte Mn cnsncsssncanrneaconest OS Lr Cae ef Cubic yards (yd?) 
Cubieafeet 6h yc LU CRIN ec ecsicecnnnsnnnnornonenne se FOS RO GRD Sioa siientntsmeninnseadd Gallons (U.S. liquid) (gal) 
Cub ie feet fit parm ltr Hoe acncneoncarnon doled NS oe sade Liters (L) 
Cubbie feet (i iy eit oo sncsenennnsannsnnnon dee Be ID eR Quarts (U.S. liquid) 
Cubiecfeet hou (Gal teenie hn. .acnncncnenpnanennnel tide TEES ese Cubic meters/hour (m*/h) 


2022 CALIFORNIA MECHANICAL CODE 509 


USEFUL TABLES 


UNIT CONVERSIONS (continued) € 
MULTIPLY BY TO OBTAIN 
Cubic feet/minute (fF (1th) fee. teccceoseseceneesinncees 0.0004 72s erick ue: Cubic meters/second (m?/s) 
Cubic fectimainutes ft 1010) wa eee a ee A De? ea eee ee ae Gallons/second 
Cubic feet/minute (f2/MUN) .........cccccseseseseseseseseseee 0.47194 nes. adh reenseeicsss Liters/second (L/s) 
Cubic feet/second (07/s) .....ccccseccsesesesesesssssesenees 64631689) 208 MAAR, Gallons/day 
Cubic feétisecond (10/8) <judorae nace A Stl oy eae tectcncsasteneitoes Gallons/minute (gpm) 
Cable imches-(in*) 2.2...2atacnteee eee | 59 30 Is fess a Cubic meters (m?) 
Cubic: inches (in? a. em coe ease ere eee ODO Se. een ee eee Liters (L) 
Cubic meétets (is aa eee otc taco Aaa Laie: ote eo. Gallons (U.S. liquid) 
Cubic yards (¥G7) seveccsamy Sette ty oc tecceccas sans ncs os 2M eit LSS a Nea Cubic feet (ft?) 
Cubic yards (vd? a. aAhcsettiae esusicnsetean es CIT CAGSY tet cee Cubic meters (m°) 
Cubig ards (yO) oi te ctic ets seven WO) Te) [eee es eee Gallons (U.S. liquid) 
DeOGhees (C0) tee Bek eee ct rudy de ace OO LA te coscnene toate nea ee rae Radians (rad) 
Fahrenheit (iss 6 Ae nce (TBD 1B ios eevee ah cclnasees Celsius (°C) 
ra a (1d Puerta we, SE PRA dem etl OSS 048 2.3 scene tsa stvanwenee Meters (m) 
Feet (it) 20. eA race eee ee 34 Raeit even asec ee Millimeters (mm) 
Feet of water (42). co 8 un cate osocesbronsnesdesesnesntaens oe 29D: dec ares ec aac as Atmosphere (standard) (atm) 
Feetiot water (4° Cy oo ieee cose) pie cbanise-cis cane ae i Wal Seroeaine a Nhe As Inches of mercury (0°C) 
Feet ofswater (4°C) 5c ee ccsrccseccssscccecouee se am ODA >. hits cancotee Pounds-force/square feet 
Feet of water (4°C) eee ec oe OARS, cies ese Pounds-force/square inch 
Feet/miinurte (£t/ manag ooo ot aie «ve nooe ent ccsect cs vacentoeeeh DO LGG Te «vse: tens cnonteonaee Feet/second (ft/s) 
Peet/munuté (t/ mit) pete aces =, noes: scacveecee<saca O,0 W136 ie. cus encore a aes Miles/hour (mi/h) 
Feet/seconid (£0/S) pga. atesaat beet iciee-cse2-eaoeenssareseeceaaem D DOA Bo... siccesdsastcnsnvenoals Meters/second (m/s) 
Feet/second (ft/s) ..5.5 ae OOS DRS. a, tee ee Miles/hour (mi/h) 
Beet second t thse tc ee SM cece eer a tee OL O13 6 ic) 2. conto eee, Miles/minute (mi/min) 
Poot lambert fy Wows co ent eee eee eee PAQGZ SO bo scvchsncicestedeaeeeatenen Candela per square meter (cd/m7) 
Foot pounds-force (iielbt) azo. ee 1 B95 sarees Joules (J) 
Foot pounds-force/minute (ft*lbf/min)............. 2 26 OO NR s siscaknosa. $e UME Kilowatts (kW) 
Foot pounds-force/second (ftelbf/s).............0 856/541 0 Feeble ee Kilowatts (kW) 
Gallons (WrScliguid)i( gal) UAW nc. ccesecsssestecnasnedetn aed DBA 1 Woosswunntce de Stee Cubic inches (in*) 
Gallons!(WUSahiquid) (gal yoge 2c -cwcinianreaisatens OLO03 TEAM Eicdncccouansensuewsdn. Cubic meters (m°) 
Gallons (U.S. liquid) (Gall) HUW AL. voted coseencomsnontsteed TGC UL: cee es bre Cubic feet (ft?) 
Gallons (U.S. liquid) (alate is ccc Race mae t DY SOOM AvlWiresniebergvaiets Liters (L) 
Gallons (U.S. liquid) (ealjwi Hh owed. socnkeckceged. bite eeeree 7 We eye ee esr ae Quarts (U.S. liquid) 
Gallons/daylunein). aetna hevddcndsvesdndens pS: | ee ae ree Liters/second 
Gallons/minute (gal/min) (gpm)............:c:ccsseeeeeees BO OSA cence one. ccaeaeeebecohs Cubic feet/hour (ft*/h) 
Gallons/minute (gal/min) (gpm)...............066 DOE ek ces nt ha aherotcconte Cubic meters/minute (m*/min) 
Gallons/minute (gal/min) (gpm)..............:cscceeeee A OD acthenctnccncebouacnee ie Cubic feet/second (ft*/s) 
Gallons/minute (gal/min) (gpm)................. 6 FO QD 2 BRA. Or2.soccuixthrsnercerceenncerecs Cubic meters/second (m?/s) 
Gallons/minute (gal/min) (gpm)..............:cseeeeee it eh a nee eens wae) Liters/second (L/s) 
Grains (gr) £200) BRRERIN- SET Ds cnmeseceenesweosstuwes D ODD QG AOI, sacs sonieitianccctieceons Kilograms (kg) 
Horsepower (Tp)¢) 56H. RE Picesccvemenermeonctnvenesei te C7, BS | Pope ee See een Kilowatts (kW) 
Horse pow rshourse, 11). CONG I ccvencwoverswnceervnsas 2 BEER cect disdeeaone. Joules (J) 
Horsepower-hours . .:.f.4) eae esarccccrcexcenkeestene ce HS oe See ere Kilowatt-hours (kWeh) 
Inch (wateriGolumn at GOT) ov. nconacsessevesacovosciwn BTS BA cieastepnprtepiotonicctnnnisnes Kilopascals (kPa) 
Inches (itn) SSI, QUT, Resse ees carwinsnsrecnctemenn ven 3 Sie Oe Centimeters (cm) 
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MULTIPLY BY TO OBTAIN 

THGHES (arr) LEAP IID 5 sanngeooneseansnnanenane INE 8 ) Se oa ee Millimeters (mm) 

TR CIES INOUU escort Feat HON BIS, cco weszaccacwinasnaccaene steers £15, 1S alithe oRe a Millimeters/hour (mm/h) 
Tnehes- oiamercury: (ORG) ee ae. scoossnadsrsens st EI in veisntgeitcintrpnepaceanose Atmosphere (standard) (atm) 
Ineheseot mercurpatOs Gee ees res cnc orcesancevavesworh SEMAN o,czcainpantvasenses Feet of water (4°C) 

TACh|es MCHOUBy OSC) NLT sen csisansvessennnorsngononndert I re ete Sadie eee Kilopascals (kPa) 

TCH Sy WiierCimpp(ORG) S250 Fa nsessseacrndindecsonsennne stot AONE i cetrooistveicnatosnate Pounds-force/square inch 
Triches aihewater (AiG ae A cescncoconesvoccennenncenant OE etc octet tcuiacecenst Atmosphere (standard) (atm) 
Tsehes Of water itd) GC ynmeree ti Peo scc- car seceassesnecctereoact UE S/5)0) 9 eee eel lca oe nen Inches of mercury (0°C) 
Incbes of water, (4°C)G Tiger Fos. cturccnenenermcrtes Moe AL, ee ean ol ee Pounds-force/square feet 
Inches ORwates (43C ete wisecnnnovccssiieowssyactonnnct Vio CS, Deep a en ei eee Pounds-force/square inch 
Joules (J)Geee Mi) writing A scsi. ncncasenassnnnns 9 ABSORB OPM viscccriossneitccnensnssinet British thermal units (Btus) 
Joules (J)ee¥t). wren tanec snnntetccnentaa ee BN SA Ok ge ptt ete Foot-pounds 

fey (oc @) Pen fc) soc. A 2. TAI BOBNO P -Snitosctcoomionnd A Watt-hours 

Kelvin (iC) -, £050) AaB A. 0c cananescnesssencninse SE IID, cinccieucevaesitvinely MIR Celsius (°C) 

K iO grants (kid ). RII URIs vsncnnondsisncommnrncnionninn dtc CARA e Renee A ean rare Pounds (Ibs) 
Kalogransn(kee pileey cet D .:.............005 00 lel Die NOPE ye... ones. Tons (short) 

Ralopascalsi(k Pa) ee ere ona ceccntennnversntense oh ES 9 | ees Pounds-force/square inch 
Kilometers: (kim ) sf) sree siiseleiecasicowuscian casa coiee Oe 0621, scninssdewernctnbonasccupsas Miles (statute) 
Kalormleters/inm uirr( Kin Pe oe mcsmnncinnndnnnienesseacnnnteee DL i.) 2 EE heats 2 ae Miles/hour (mi/h) 

KAO Wetter eee ce me sstinaenonneeubocnstecnen! £24 94 1. Sen ee. See British thermal units/hour (Btus/hour) 
Kat oara teil WEE casa dsinsnwon hate lochs honks [67/5 Miecnaene | eee Horsepower (hp) 
Kesher tts ce Sar AIOE A ie coecenineccnnastan eatin tote CN Re a ee eee British thermal units (Btus) 
Kilowatt-houts 2.2) Baton cosconcncnannn PASS | UNE Ie ceo Foot-pounds (ftelbs) 
Kilowatt-hotirsete orrechpetiett Accs ccicccncincsuitcinncnenne CG, | 1) Joules (J) 

Kip.{ LOO TT) OR eB PO erepessencrroeciopionsnnnnnms C8 WASTE NR RONEN SE Kilonewtons (kN) 

Kp -fO OEY) Meer tet te), SIT oa enincmonionndeconnntnah [i= Bot CA IR ae oh Kilonewton meters (kNem) 
Kips per square inch (kip/in’) ..........c.cccsccseeeeeees DEBI AAL, coves tiseminm eBook Megapascals (MPa) 
Lambert (la) 9) 2a). ORD ios .<c.m 220. BB B3 ORO VAL O. uiiciecnssnendbitiehensnance Candela per square meter (cd/m’) 
NeW CI Oe te 2B or eee a re A eG ae Coca rem Cubic feet (ft*) 

Pere (1S eee ere, RE reso es OP CRA Cubic inches (in*) 

Taiteng (Ls) rceveach OO RUIN Ac sciccihneu banclsncataiiancen Me 1.0) Pret oer 2 oat ene Cubic meters (m°*) 

EAGSTS C1) tes ance ee AIR i crnvanccienitencnieanrceecsees WE Ze 90 eer en Gallons (U.S. liquid) 
Lumens per square foot (Im/ft”) (footcandle)....... LOGS OD) ccveticvane ct Meee rnesnns Lux (Ix) 

Meters (111) .£ (48) Bee reh ere as ttn nenee hte n eae Ba eee tees ps RM cennice Feet (ft) 

Meters (1) L550) ATR RIA ic ceminnninnnonontibnrlnstion Moser BPR labe ces cebin Sree horortt Inches (in) 

IMLGteeS (Grr) Beet ea cesoccncaenndepanspunee Chine LR Sica xe cesctate ess nae oben Yards 

Meters/seconiae(ii/s) ast axeees ccs csccssncectieseeen cease RAM OS Decrees scsonecseucionas Feet/second (ft/s) 

Meters SCCOMCIIIS)) OER SIE ccensnonmresninnsisinsonnminadcteak ES naan, a Miles/hour (mi/h) 

PAB (BEL) eee ccae eae eae ter RM ccerncsiecysnbvbieneaacnng ANS DS 2s Wigkwenrtae agenepatiestostesis Feet (ft) 

Milles (Statute) eta a none cenonnvsnndsnanconnon MOK jo ths MIE: eee Kilometers (km) 
Miles/hour (Git atook SRG. ineecscces-neseonncsnnonnsechioods chew Oe ey asa aie er Feet/minute (ft/min) 
Miles/ hour (rit) 8S 29d, BAGH, a sianesnnornnsssnonnction tans 1 TeV Ron ah ) ae oe Feet/second (ft/s) 
Miles/hour (inti in) 2st BRB oo csccsieosmnasnsocnsssnnsencs BGO FA Desc carseepnsonnciesnces Kilometers/hour (km/h) 
Mitles/houir (1/91). Se Tocca coven piadnonsosapannne steeds EO Bc ciate nan ieiten: Meters/minute (m/min) 
Miles/hour (nti). ceamaaen T...n..cs0-cccnsnnvsancernnonaeh RRA OA, eee ee thvines Meters/second (m/s) 
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UNIT CONVERSIONS (continued) 


MULTIPLY BY 

Millimeters (sium), 22 QR eee PPE IM sate deenceciedeccecsene Mr eaten 0.1 
Mil limi eters ( rit Ace Sede eciers mney cieononmeaccey 0.03937 
Milbbinne ferss (many) Ae Ge Rw scsncsiicontaasinnnacecue Mee 0.001 
Minutes (ih) A), SG PRI sven ecansssneesys 2.908882 x 107 
Ounces/square inch (02/iN2)..........s:ssesesssseeeeeseeeees 43.94185 
Ounces/square feet (02/ft”) ......cccccccccssseeeeeeees 0.03051517 
Ounces (Oz) borate). ATCA archwcconccitosennicccunsaniell 0.02834 
OUNCES TZ SRP, POEs cosicssnatnessoiricmdeeeensaee 29.57353 
Pints, . Pad, STH MMS Dn cscacconciurearonaapene 0.4731765 
Pound#torce feet (1b feit Pig... cssimenisncsemwcineetenvrey 1.355818 
Poufidedoice ame bi( lb £10 UAE. <..wecnsnaiicnranenwoncevor 0.1129848 
Pound-force per foot (UID ET WI. cencnaveuenenenaseomeupdnene dt 14.5939 
Pound-force per square foot (Ibf/ft’) ........0..00000.. 47.88026 
Pound-force per square inch (Ibf/in7) ..........00.00 6.89476 
Pound-forcd per inhi (bE WA ve ncciccascnsioaeiecmnsemeans LIS 268 
Pounds/cubic inch (Ib/in) .......ccceeceeeeeee 2.767990 x 104 
Poundsioubte yards yd? HI avsccrsicscsmcusssseens 0.5932764 
POS: (1B) sa ceased AMATI LM caer cteeccrenonckuijeniocer 0.45359 
Pounds/cubiclfootnt bittts) 2a A oa acnccomntnnsosoncecveesh 16.0184 
Pistricss toot (ly Tey erent eS oie cssnavemecboosinononnn ren 1.4881 
Pounds/squaret in Chir (1by 1) PE ac. canoecvnconnoconsvenconea Ah TO2c1 
Poundsisquanenf oot (IDLING, swsnsscescosernocserneceny 4.882427 
Pounds-forcet HDi) stoma ite HI coccaconsamsinvabtoneme ash 4.4482 
Pounds-force/square inch (PSi)...........::ccssccesseeeeees 0.06805 
Pounids-force/SQriaresinehi (DBI )i .c.cnseoeecenmmnnrsnceenpnnotonee 2a07 
Pounds-force/squareinch(psi)..........i<es0cranesnnerrsed sah 2.036 
Pounds-force/SQUareymelif DS2)b cinsiccwnsemnsterndensiggymeeer 6.89476 
Quarts QIES sciry il Civ IE eM, Biase canaics deal ashistmonce teeters 67.20 
Quarts (U.S... liquid) Hiatt yer obs csncrsmnonasueieneeendebdgiese STIS 
Onarts, (liquid )ps.) Penn ROE spied cu Pe reehaneoees 0.9463529 
Radians (racks rr) 2e Rett AMA, Bs oescbidduscaputenvorcen tate 57.30 
Seconds (Sy Macular. hae Aed cede tect 4.848137 x10° 
SOUSTEMACT ..:3.unsxsmcnencel ede RMieaneand emcee were ee 0.404687 
Square feet (£07). euc.cnh te.) MO ta-Cenontanddimichbeccee eae eee 144 
Square feet (ft7).:..0.. Atty P Aton Ad. tucstbciabesrcaeenene 0.0929 
Square inches (17) o/c) o BURN wesccbon ksstbedcetunesa eae 645.16 
Square inches! (irr) Dent ook useepaceecrae 0.000645 
Square meters rit)) Ae AHI» scanssicanontonnonoseocensp eet 1550 
Square miles (147) sacic.4 Pat A seneccecosorensotacmecrae eae 640 
Square miles, (206) ) AWA A casceccocsuensnennincheoonts 2.589988 
Square millimeters (om?) eww. inivensnsnssseesovune 1 Seis: 
Square yards (yd?) Tawtee Mowe hace ces cc csnecnnccenrne 9 
Square: yanebss (yl t Wi erat Hos oo ci esnpnpoccecntion 0.8361274 
Temperature (i) ri hte Bi iecckcisciostioe sincenshenen oe 1.8 
Temperature (AF rs BQ na erechicsiecnesesanscosnevase tee Vg 


See eee eee eee ee rereeeeeneane 


Paneer ener eeneeererreereee 


eee eee eee eee 


Ome wetter eeew ee ereeeaee 


Pee e ewes eseeeeeeesssseeeees 


Peewee esac eeeeeeenseseeene 


Coe eee weer eee seeeeseeeeesees 


Pee e cece eee eeeereeesseeesses 


Pere wees eer eneeeeeesroseeses 


Cece eee ree reser ceeeesesoes 


Pee e eer e eee creeeeesreseeseses 


Poem eee reer cree eesenneceses 


Perera rere ere seeereeseseese 


Peewee eee rere esseessene 


Peewee cree eeneserecsecees 


eee eee reece erererecseseees 


Serer e eee eeeeoereesseseses 


See ey 


Pee e rec cereeeeereeceeseeese 


Deere eer cence neeeeeessene 


Deere cece eee eerecrecesasenee 


Cee eee eee rere rereneeeeees 


Peewee seer eeeeeeerereeeeeee 


Seen emer ee eeeeeneeeereeeeens 


Sem e tees ee reese essseceees 


So ery 


Ce ii ry 


Peewee cere cease eeescceeees 


Seem meee ee eenneeseeeeeeenes 


Poem cree reer eee eneeereeeens 


Ce ee id 


eee meee teen e ee seeeeeeeees 


Pee eee e rere ase ee eeeeeeeee 


Dene meee ener cere cereseeeeee 


Peewee cere eran seneeseeeees 


Peer sere rene eeeeeeeneeee 


Peewee emer essere rereeesese 


Peete meee meee eeseeeneeees 


Pee eee nett ee eeereeereeeee 


Peewee meee eee eeeeeeeees 


Seem w ew eres reer renereeseees 


TO OBTAIN 


Centimeters (cm) 

Inches (in) 

Meters (m) 

Radians (rads) 
Kilograms/square meter (kg/m?) 
Kilograms/square meter (kg/m?) 
Kilograms (kg) 

Millimeters (mL) 

Liters} 

Newton meters (Nem) 

Newton meters (Nem) 


Newton meters (Nem) 

Pascals (Pa) 

Kilopascals (kPa) 

Newton meters (Nem) 
Kilograms/cubic meter (kg/m?) 
Kilograms/cubic meter (kg/m?) 
Kilograms (kg) 
Kilograms/cubic meters (kg/m?) 
Kilograms/meters (kg/m) 


Kilograms-force/square meter (kg/m7) 
Kilograms-force/square meter (kg/m7) 
Newtons (N) 

Atmosphere (standard) (atm) 
Feet of water (4°C) 

Inches of mercury (0°C) 
Kilopascals (kPa) 

Cubic inches (in?) 

Cubic inches (in*) 

Liters (L) 

Degrees (deg) 

Radians (rads) 

Square kilometers (km”) 
Square inches (in?) 

Square meters (m7) 

Square millimeters (mm7) 
Square meters (m7) 

Square inches (in’) 

Acres 

Square kilometers (km?) 
Square inches (in”) 

Square feet (ft?) 

Square meters (m*) 
Temperature (°F) 
Temperature (°C) 
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UNIT CONVERSIONS (continued) 


MULTIPLY BY TO OBTAIN 

MON -LOTCe (Oni) | ZUCU MD Vann. t cls scree: Se oe ae he, he OE Kilonewtons (kN) 
Mon-force toot (iin it ren te... ees, ees PSA asst Mee tiancssansseee Kilonewton meters (kNem) 
Ton-force per square foot (tonf/ft”) ..........cccccees 6 FT) Ne Ales ch spate RR Kilopascals (kPa) 
Ton-force per square inch (tonf/in7) ..........ccccccce LS f 89D -cvetver sa mbrtenidiavaient Megapascals (MPa) 

1 Gas (MeWIC ice. cae Ate errant tehehiet 1 O00 sages aeondeeiseks: Kilograms (kg) 

Pons (long (2240 lel weer coco dctsesceret ee LO1G:04 7a ae Kilograms (kg) 

PERSIA SHIOTL) Wes ce- cere SEEING coo yovac de shaztaatesCoe a tedesact soee CO0O Tr amelie Pounds (Ibs) 

NMOS ais Seni Rea” 8S {NAO ame ty 9 so Aare co: A RSET. Por aly bye, a British thermal units per hour (Btus/hour) 
UBS 8 cccesacd tececv esc SARUM Feat cps ists tusovesccs0 1341-810. atic, Horsepower (hp) 

RATS (V7). Soh. dicactnen Me RMR ecard oon ons 2s NEB oc o0n8 O91 44 2°. BR RR a. den cctiaees Meters (m) 


SI SYMBOLS AND PREFIXES 


SI PREFIXES 


MULTIPLICATION FACTOR PREFIX SYMBOL 
1 000 000 000 000 000 000 = E+18 exa E 
1 000 000 000 000 000 So E+15 peta P 
1 000 000 000 000 = Bri? tera i 
1000000000 = E+09 “wigexe G 
t 1000000 =  £E+06 mega M 
1 000 = E+03 kilo k 
100 «= E02 hecto h 
1l0—->—--E+01 deka da 
; 0.1 ne E-01 deci d 
0.01 =  E-02 centi . | Cc 
0.001 =n p03 milli m 
0.000 001 = E-06 | micro mM 
, 0.000 000 001 = E-09 nano n 
0.000 000 000 001 ae E-12 pico p | 
0.000 000 000 000 001 = E15 femto 
0.000 000 000 000 000 001 = E-18 i atto a 
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AREAS AND CIRCUMFERENCES OF CIRCLES e 
DIAMETER CIRCUMFERENCE AREA 
| Inches mm Inches mm Inches? 
% 6 | 0.40 10 0.01227 
Y 8 | 0.79 20 0.04909 
¥% 10 1.18 30 0.11045 
yp 15 1.57 40 0.19635 
¥y 20 2.36 60 0.44179 
1 25 3.14 80 0.7854 
14 32 [ 3.93 100 1.2272 791.7 
| 1% 40 4.71 | 120 1.7671 1140.1 
2 50 6.28 160 3.1416 2026.8 
2% 65 7.85 200 4.9087 3166.9 
3 80 9.43 240 7.0686 4560.4 
4 [ 100 12.55 | 320 12.566 8107.1 
5 125 15.71 400 19.635 12 667.7 
6 150 18.85 480 28.274 18 241.3 
7 175 21.99 560 38.485 24 828.9 
8 200 25.13 640 50.265 32 428.9 
9 225 28.27 720 | 63.617 41 043.1 
10 250 31.42 800 78.540 50 670.9 


EQUAL PERIPHERIES 


S = 0.8862 D 
S = 0.7854 D D=1.1284S 


D= 1.273235 S = 0.2821.C 


a 
Ve \ 
cit 


lo 


EQUAL AREAS 


Area of square (S') = 
1.2732 x area of circle 


Area of square (S) = 
0.6366 x area of circle ‘oes! 


C =D = 2«R 

C = 3.5446 Varea 

Dis 0.3163 C 22H 

D = 1.1283 Varea 

Area =«R? = 0.7854 D? 
Area = 0.07958 C2 “ 


== 3.1416 
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a APPROXIMATE MINIMUM THICKNESS FOR CARBON SHEET STEEL CORRESPONDING 
os TO MANUFACTURER’S STANDARD GAUGE AND GALVANIZED SHEET GAUGE NUMBERS 
[ CARBON SHEET STEEL GALVANIZED SHEET 3 
DECIMAL AND RECOMMENDED GALVANIZED DECIMAL AND RECOMMENDED 
MANUFACTURER’S NOMINAL THICKNESS MINIMUM THICKNESS SHEET NOMINAL THICKNESS | MINIMUMTHICKNESS 
STANDARD GAUGE NO. EQUIVALENT EQUIVALENT* GAUGE NO. EQUIVALENT EQUIVALENT* 
(inch) (inch) (inch) (inch) 
tr 04644 0.156 8 OES Ae OR aS 
Palisa! | 0.1495 0.142 9 Maid oe tae). A 0.144 
WON SYPTEIM, © 0.1345 0.127 10 0 Oud 382-4 ohphow Cinna eaine Air) 
maING ; 0.1196 0.112 1 We ave i) Teese FONT, 419028. ¥ 
12 0.1046 0.097 Ya ma E1084 ee OS cs HR GOG UM 
13 my Pa0.0897 0.083 13 Me hose en eo oes 
14 0.0747 0.068 esac 0.0785 ~—s«| 0.070 
+56 MOIN: 0.0673 0.062 15 0710 ta, PLING Pi 
16 Bea 0.0508 0.055 16 00615. | ene RGR airs | 
SS PENELS © 0.0538 0.050 17 0.0575. 040.053 
hee nreh* 0.0478 0.044 18 0.0516 — PRPS. 
19 0.0418 | 0.038 19 0.0456 0.041 
20 0.0359 0.033 20 0.0396 0.036 
21 0.0329 0.030 21 0.0366 0.033 
a 0.0299 0.027 22 0.0336 0.030 | 
BSiTY FO 0.0269 0.024 23 0.0306 0,027 | 
> BROT GNT ny of) + » - 0.0239 0.021 24 0.0276 | Gonateup) | 
25 0.0209 0.018 25 0.0247 0.021 
oor | | 0.0179 0.016 26 oon em 0.019 if 
27 0.0164 0.014 27 0.0202 i aa 
28 0.0149 0.013 28 0.0187 =| 0.016 
= ms 44 29 g0i72. | 0.0i4poa oy | 
ust ; - a 30 ee aaa ae 


For SI units: 1 inch = 25.4 mm 


* The thickness of the sheets set forth in the code correspond to the thickness shown under these columns. They are the approximate minimum thicknesses 
and are based on the following references: 


Carbon Sheet Steel—Thickness 0.071 inch (1.803 mm) and over: 
ASTM A 568, Table 3, Thickness Tolerances of Hot-Rolled Sheet (Carbon Steel). 


Carbon Sheet Steel—Thickness less than 0.071 inch (1.803 mm): 
ASTM A 568, Table 23, Thickness Tolerances of Cold-Rolled Sheet (Carbon and High-Strength Low Alloy). 


Galvanized Sheet Steel—AII thicknesses: 
ASTM A 653, Table 4, Thickness Tolerances of Hot-Dip Galvanized Sheet. 


Minimum thickness is the difference between the thickness equivalent of each gauge and the maximum negative tolerance for the widest rolled width. 
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ABSORPTION SYSTEM 
SOolnGiSYSIONNY 5) ais os ck cos ae ne cae Chapter 11 
BICUGMENEI cits os ee by tan Gate oo wt pos ey Chapter 6 
ABSORPTION UNIT 
BeTRITOR covcie. eeotaiirers «Go Rice os EEO 203.0 
BAboling marine iets’ Mmoiinds os 08 <> apie 307.4 
ACCEPTED ENGINEERING 
71S ge9 | tet SU SRT? BRR, eal ge ar ae 203.0, 309.1 
ACCESS PANELS 
ETO Meare chose ¥63, Ae: sa bus a Bas > peek 203.0 
Ducts connected to 
UGG ELIEIAGCOS pat, .r6s. cs seo Lame a aa oe i 905.3 
Exhaust systems, 
commercial kitchen....... 510.1025 10.3.1,,0 10.3.6, 
510.3.6.2, 514.4.8, 514.4.10 
ACCESSIBILITY FOR 
APC STS as [16 Oe GS i EE Ue 105.1 
ICOM iG, tore i Wena eee ie ort aah as 304.0 
ACCESSIBILITY OF 
Appliances and equipment....... 304.1, 304.3, 304.4 
Appliances and equipment 
S19 18,8) Wis nee ea VaR em reaper = is Late ty ye ee 304.3 
PSM ae Re et, Nl orem ers Ota ve Tye, she ae ee as 1010.0 
MG aac ura aiten x mee bx pa Gece a: ene 802.5.10 
PNA RIOOUS nae se ce en ote oe eee 802.12.5 
Dee Ue CaS DIDNT scat eas gee at 1310.9.1 
Ee VODOLAUV ee COOIISS aa as ats is cere @ stein 933.3 
TAIT S ere oe aie fit See eneae Se eee ee 606.5 
EADOmIUCACOw ttt i tot Te een. ee 906.8 
PPS TIVOLOTS 5 ne een ale ole ite 1308.6.1, D 104.2 
Err Gels DIDNT ee ete titan cee ote eG iar 1310.3.3.1 
Fuel gas pressure regulators .............. 1308.7.2, 
1310.5.1 
ENCRSOTINOlS aT ste Tet a2 3 LITT eee nee te 509.2.3.2 
Eabped flariges :::.0s 92 se8ee Soe 1308.5.9.6 
Motors and fans, exhaust systems ............ 503.1 
Refrigeration equipment ................05. 1105.3 
RITE CIAIMIDONS 0. +. balatece tan tatate tees ee ee 606.5 
ACCESSIBLE 
DOTHMUOU ae ee PN oe la Males «bleh a alals Has 203.0 
eS TINTON spcgemces 00s We Tithe fe holon tit ea" abate! ot oa ate tes 207.0 
POAC, COMMON. se cece dace es vee ot Mey 203.0 
ADMINISTRATIONS 068% ca ce tad ce ee en Chapter 1 
CONTI T eerie, HDR winch tin hm Chapter 1, Division | 
Geanealtet LF LOR A. dee nes Chapter 1, Division II 
AIR 
Si ek) ee 314.0, 511.3.1, E 503.6.5.3 
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Glassiticationghesoegsyoe soe. o cate omlos 403.9 
Gombbustionels.as. +... + Sere (see Combustion Air) 
PilUtiGnEet elie | 2. 203.0, 701.1, 802.6.3.1, 902.12 
Ducisies 3) angie. met: ty rinemeanae-aolte (see Ducts) 
ECGnemizen bass? YF... 6a. - (see Economizer, air) 
Exhalsviepor y: PIPE.OR TL (see Air, exhaust) 
US. eb ee ee, ee (see Filters, air) 
FUMNACG iar. nti ete sm (see Furnaces, warm air) 
CE OL Ea, ne Bre De eee (see Heater, air) 
Mic) elk) s ey nn a ya 203.0, 403.7, 504.1, 504.4.1, 


51S PO 11-3, S17: Gage 176:2; 
701.3, 931.5.4, 1106.7 


MAOVINI eV SUCNIIS AE ci yn eG oe en « oe 203.0, 609.1 
OUSIDE e Pere. GRE sos oie wet enue 203.09311,1;-3143 
Pollution control 
EVICCSy MON. cc ses 203,04512.3.3, 51235 
Recirculationegng AEA wets: mc 403.7, 403.9, 512.3.5 
FRODIACOM OD as «occ oes dete (ens cesienn swesens (see Air, makeup) 
Re ttrinientteee i ee 203.0,,.311.1,.311,3, 8114 
SUDDIWE Raa d-a eee « 203.0, Chapter 4, 914.5, 915.5 
Pansiciahees. axewiws 403.7, 603.9.2, E 503.5.11.1 
VeIHATIOGI 4 aiiignna aes eiknsced aurea Chapter 4 
AIR CONDITIONED 
DIGIC ONUOR. 11/5 a ook oa weal & ys ene las 203.0 
AIR CONDITIONING 
CO Same esaelen sense os eT ee Foe aa en 903.2.5 
GASHMEC LVDS ick wan ene hee Aine teach aD de 903.2 
Refrigerant port protection................. 1105.11 
eR ee! 2 ea eee ee aene rey a beer E 805.0 
SVSICMAMALORIUIS GI, SYR os ge eb leg ee E 403.0 
AIR-HANDLING UNIT 
DOOTUTONs Gh wv aeim oy setae we Seles ps eR 203.0 
Be eat se a re 8 a Chapter 6 
SVEN CS Wai ra 8 Fe on E 805.0 
AIR, EXHAUST 
CioSss GONTAMIMATONIIAE.. . 4. am Genny we 2 603.10 
SITIO Ie CUE: 6 ce aa ns som me Bmw Pe 203.0 
CADOCUMGS Hee HORS rk aes 305.3.2 
CSTOASO MIE S ooo oe tat orate ats es aed a Se 509.2.3.1 
VEMULALIONS «ccc ws © cls 5 xs a x © ew nr Ree 403.7 
WGN IGS ett eet arcis res hic sate ce Se ee ST122 
ALARISIe RETAERGS Fo oS oh ee Tee be owe 416.0, 418.5 
ALTERNATE MATERIALS AND METHODS 
CONSTRUCTION EQUIVALENCY.............. 302.2 
ALTERNATIVE ENGINEERING DESIGN 
Destro Orval 0c tes at ats ala Ee oe 302.3.4 
Pee RCOCONONe ais ote os Wk KA ee MS ae AS» 302.3.3 
SOM TEVIGWUR aa adele soln ee le ale anor es 302.3.5 
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INSPECTION ANC TSENG <0 <i. ancien ae oe 302.3.6 
Print ADOUCAHON i 5 ia x ose «vie ein yx 302.3.1 
TECTWIGRI ES artes. id aoa, ue ee ee ce 302.3.2 
AMMONIA oon tes ene ere 1102.1, 1104.4, 1102.2, 
1102.3, 1106.2, Table 1102.3 
ANCHORAGE OF 
Appliances <2. oe ace Recta be be eee 303.4 
Boilers and pressure vessels................ 1001.5 
KOOING (OWS Bist ocd bone hie eee nt 1120.0 
Evaporative condensers ..... 1.00.0. JVM” 1120.0 
Fluid Goolers) oT 0) APE occa dns eens is OR 1120.0 
Refrigeration equipment 
SNA PIPING GAA) soe esc sen ed edsar 1 OOO 1105.2 
ANODELESS RISER ................ 203.0, 1308.5.4.2 
APPEALS 8). «sei os ce alert oat ta leith 107.0 
APPLIANCE FLUE OUTLET 
DEG FAIOP IIT ho hie A manan at nceah areata oat ht 203.0 
APPLIANCES 
ACCOSSIO CRAG AraUe oof. 564): dete a Sense ye 304.0 
ALE ICG URE Stee ots Wes es. eo PO eee ole hee Rene oe 936.0 
ADPTOVEl Olrs ma fatety obec Ge ee eee 301.2 
Clearance Py es 2.0 ere ats 303.3, 303.10, 303.10.1, 


Table 303.10.1, Table 802.7.3.3 
Closed combustion 


solid-fuel-burning, definition ............... 205.0 
ClOUlee Vere tage ot emee (see Clothes dryer) 
COOKIE rete tees oe 5172-5 17:2.2; 517.7, S17. he, 

517.8, 517.8.1, 920.0, 921.0, 923.0 
Decorative, vented.............. 224.0, 911.0, 932.0 
DSU emace 2 icleis ce ee ety vc atetas 2 eee eee hee 203.0 
Direct -VONbs.. ic ce on, eee ates 206.0, 802.2.6, 802.8.2 
DOOWHIGIANC sat cc ache eda tte a ste eae ees 518.0 
Elechic COONNGS. «.. cia atic er ae a eee ee 307.3 
EIeCuiG Ne@aung vac. a4 ss = 207.0, 307.2, 903.1, 905.8 
Fan-assisted 
COMIDUSIION sr ant aie tol nee 203.0, 802.6.2.1, 802.10.2 
FIGOLTUMACES. jes ose ors (see Furnaces, floor furnace) 
FOO SGIVICG se cacnrars: Sos ca tee eee 918.0, 919.0 
HGAUING dir cate bio k aita bed gd ae 306.1 
Fiousehold COOKING <.. oi ssic ge pie eh aplasia 920.0 . 
AUUUYMMEHIC)) ae ts Swe eee eee 924.0, Table 924.2.1 
HV AICS 2.055). oo vies Papas abaracv. ear eeaeeee 304.4—304.4.4 
Garages =. lisa acai asteehte 305, 1, 305:1.1, 905.7 
In manutactured housing! .5.2..2 42 .ctls Pace ae 930.0 
In under-floor spaces ............... 304.4-304.4.4 
RS sia. pee tae oe CE oh cits et bkie ae See 931.0 
Mc lot=| 11.6 08) Poe eee ee Pen eee AN Ae 307.0 
DISIOO 4: Cenk td ieee ec cua.aou 0 ae on a ee 303.1 
LOGARIOIN OU ea vate nts Bin ES oe, De eee ead 305.0 
Low-he@al: -  sAseesees cuted & coca: 203.0, 801.2 
Medium-heat..:  .: westameianeeo’ bare, 203.0, 801.2 
Movement Of .. zecascicem. onseacs eens etree te 303.5 
OIL RUKIA erie. crs. cs eevee 301.5, 904.11, 906.13, 
907.4, 917.6, 921.3 
ME TOOTS at Oe ryed se cen Soak a Ae Ras et a alta ah al 303.8 
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Open-top broiler units ............ (see Broiler units) 

UNCOOL COOKING «:. . 5 5.1565 ceed ee ee 923.0 

MOG AUONC GS! c sce aps g bina de en ee 305.2 

Protection against 

TOI CITIAQC ag io onc ce gee 305.3 

Flo) PS te eR. 25 920.1, 921.1, 921.3 

RGINGeratlon «2. oi: 94 sare oa wee een Sere eee 934.0 

Melrigerators: io nA p..agee. see (see Refrigerators) 

Room heaters....: cc tee cee (see Heater, room) 

Solid-fuel burning...... 902.10, 904.10, 916.3, 1002.4 

Unit N@ALElS sain he. RAS eee (see Heater) 

Ohisted ....5.4044 5 see be Cee eee 303.3, 303.10 

Venting Of 2.2 ..'. domale oe ee ae 0 eee Chapter 8 
APPROVED 

Definition: 24.) VA LA Ee eee 8G 
APPROVED TESTING AGENCY 

DGTHNUOT Ts 8h cts os eee ereroe atten ae ee aes 203.0 
ATTIC INSTALLATIONS 

PADpDATICG sees cr te eee cts tiene ae 304.4—304.4.4 


AUTHORITY HAVING JURISDICTION 
Authority to disconnect 


OF GAS DIGHIG oy enc te ac Bae 1306.0 
Authority to render gas service........+...... 1305.0 
GOndeMit CQUIDIMENI sages 6 ec eee 106.6 
COnNeCtONn AaDDIOVelse nto tame «a eee ee 105.4 
Cooperation of other 

OMcialS and OMCOlS | ce. Se oc: «: 7p eee 103.1 
DOO TIAITION sete Nee ceeeaeat es a ee 203.0 
LIB DUUUZO sis 6 ctonn ae Ue he os Len ios 103.1 
Disconnect utilities in 

GIMENGENCIES, TO. n5.G oc aie ces oo dan cee 106.5 
INSDECTONS! ic< taper ciate eo clacan eareaie eats 105.0, 1013.0 
ISSUBS DOCS: ys ected ss Ok ya oe eee 104.4 
LIQbility G3. cca... 5) -ajrceats > opiates gaan ee 103.2 
LImitations.of AUTHONILY ii << < shine Se 107.2 
ROWSIS ancgrauties: sce auwaos «cele ogee 103.0 
RBIGHLOL ent Vas snk ahas Bowe se eee 103.4 
StOD Ofdelisede tos io a, keine ea so ee 106.4 
Jemporary CONNECHON 6 oc.n css «ss ae 105.4, 1307.1 
POSTING. oss 44/20i2-0., 5 bee ee onde 105.3,,.302.2.1 

AUTOMATIC 
GCONEROL DEVICES ........... =). ore 306.0 
AUTOMATIC, BOILERS............... (see Boiler types, 
automatic) 

AZEOTROPE 
Allowable quantities.................. Table 1102.3 
Definition: as.3 sccse bad oe om wee eee 203.0 

-B- 

BAEELE PLATE ci cikc cosa Oa ee 204.0, 509.2.2.1, 
509.2.2.2, 509.2.2.3 
BALANCING, HVAC................... 314.0, E 502.3 
E 503.6.5.3-E 503.6.5.3.2 
BLEED LINES. 5..:..<.. 45 Sees ee eee 902.16 
BOARDIOE APPEALS PIC... 5 5.0 ates on op Oe 107.0 
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BOILER 
Detnvion 2 aoe... ...... 1 Mea 204.0 
General requirements.................. Chapter 10 
IV OIORICISI SOM IG 0 05 ares ens nats week 1207.2 
Mounting Of Ria WIE! Ae Baa #, 1001.5, 1001.5.1 
Operation and maintenance ................ 1014.0 
POG ie Se LG 204.0, 1001.2 
MONUTIFI BRR LO ett acreage Seeci eres EPI 1001.6 
BOILER TYPES 
Automation .siiescnne ocr. 203.0, 1003.2.1, Table 1003.2.1 
SORTAMICAUINOD: & ci5 ocho nm Bale i daw! g See ee 303.2, 904.0 
WONGANSING: +i fers shake yer ei Fre! 1207.2.1 
ENGOM On as 4s tit sede nisa stevdactgenen 1002.3 
High-pressure, definition.................... 204.0 
Low-pressure hot-water-heating, 
SEMIOUMES cata ee he ee ee ee ee 214.0 
Low-pressure steam-heating, 
MEMORIES ce ee ee eee oe ee 214.0 
Pane DOUG: occ odode teeecctae 215.0, 1013.4 
PeRCOIGLIGINGI Eee: os ted Os cee ees ss 1207.2.2 
Sic CHG ELOY Te seal ele SRN. MERE HAAN Oh IRI 1002.2 
Pawel Set Weer CODES .--. 4-2-5: 1010.2, 1013.4 
SL 2, eee ope el Sl ile se ea ag sgn aril Aa 1002.4 
Steam and hot water........... 904.4, 904.5, 904.6, 
904.8, 1010.3, 1010.4 
BONDING CONDUCTOR 
Gr SUNG Ereatemaets: (1. 1 <det IRE <5 oe ye 204.0, 1311.0 
BRAZED JOINTS .......... (see Joints and connections) 
- BREECHING 
EPCTIENMOM peat sty chia als wid acs = 3 <i: pct te carted 204.0 
SUZ 1 IN| Sl sn qcoee ce ies go ao 1109.9, 1116.5 
BROILER UNITS 
RELIGION te i eh le cas ka Shr eae nae 922.0 
CELT a0) | CE i ay ie me ay Bae a a a 204.0 
BUILDING AUTOMATION SYSTEMS .............. 306.2 
BUILDING CODE 
BRO ee Pere cas, <2) ania co tha is 204.0 
BUILDING OFFICIAL 
JEPSEN RT a RG 59 “Ge GG ae 2a lait 204.0 
BUILDING STRUCTURAL MEMBERS ...... 316.9, 902.8 
BURNER ASSEMBLIES .... .. oo e  teemiomss 910.0 
BURNER, CONVERSION ...................... 909.1 
Sco 
CARBON MONOXIDE SENSING ................ 403.72 
CAS NUMBER 
Bee as arta ss Se eemedeeet es an ee re 205.0 
CENTRAL HEATING PLANT 
Pe Wires <' . Glate yaks eres a oe cuca ane 205.0 
GUN oe oe hil ots cue ea aaa ae As i 3 Once 802.5 
Op Op SL Oa! CUB oy Pa hehe irate ae 802.5.7.2, 802.5.10 
Decorative shrouds ............. 802.5.1.1, 802.5.4.3 
Deodoen Ore 5.5.3.4: dnemauos prieodtibnin- 205.0 
PORENGES, Cc ss Sod Se eee ee ake 802.5.7, 802.5.7.3 
CA y-OGHL. Secs. eee sé do ROOORIQUN TE 802.5.1 
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NUE cs mcsihcuscsiivaren tons teesds cunavaetyacnt OMT 802.5.4.2 
Masoory: BEC sca hoon. POPIRNAAR DODIOS Dy 802.5.3 
Bie NRO Ia SS cues cng ses aan, nn2 sent baa. 802.5.2 
SIZECTR AOR iiesn cvslern Doser Jeshine agen 802.5.5 
PASM ENGI is. fs sau ieee iets Aled Seles eee 802.5.9 
REMMINGNONS Gigs e eee eecs css CORO 802.5.4 
CHIMNEY CLASSIFICATIONS 

High-heat appliances-type .................. 205.0 
Low-heat appliances-type................... 205.0 
Medium-heat 

BPO ANGSSAVDCS ONO co... a aes 205.0 
Residential appliances-type.................. 205.0 


CHLORINATED POLYVINYL 
CHLORIDE (CPVC) PIPE OR TUBING 


Groundisommee lOOD. . i245 255-2 s% cee Fe Table F 104.2, 
Table F 104.3 
TINCT Ge EE ae baile ORES leh ir nee Cee 1210.0, Table 1210.1 
Joining 
and connections...... (see Joints and connections) 
CIRCULATORS wis. tr Bom... 2s. 0 pe pene 1208.0 
CLASSIFICATION OF 
Pea easnie is Rehman m a on, 52). cake hee Oma Sie 403.9 
SHimney, GENNIION « << b20% 2.9202). e peach 205.0 
Oecupancy Cefinition. «eas i. + =% ote: 217.0 
EXOOUCECOTIVEYINIG CUCKS ose i ox ox x snpupc see aati 505.8 
PRONE oye Sim ice Acai! Got ais ink atta A 1103.1 
FEIMOGFALION SYSICINS. ..- oon mus n-icpsnmaeriiencns sieht 1103.2 


CLEARANCES FOR 
Air-conditioning appliances, 


gas lype . « meaners -piaremiat 903.2.3, Table 904.2.2 
PAR AIOLS: foto: fun sPatok op asa. icc Seieel cabal 914.4, 915.4 
PXDUAIVCO Son tin tt als Lita eh a's 303.3, 303.8.4, 303.10, 


303.10.1, 304.1, 304.3.1.1, 
516.2.1, 701.6.2, Table 303.10.1 


EON NS tee eae e i hice lactate 303.2, 904.2, 

1010.0, Table 904.2.2 

Broilers units....... ROE a ee and & op ey AER Sea 922.3 

Croines Oryers, Gas tYPO oom. s sleep a 908.2.1 

COTA CLON Seat ace eta: ges athens ay 802.10.4, Table 303.10.1, 

Table 802.7.3.3 

SOOMUTY ACH NANIGOS | statevers wu deere wo 920.3.1, 920.3.2, 

920.4.2, 920.4.3, 923.2 

DECOave GPUANCGS: nok. felt on «a see hn a 923.2 

PeCITOOUS aia COMMOIS «cc a0 5s i van sek 802.12.6 

Pee CIO es CVO ae cs co cece Ss Fs eo ee 504.4.3.1 
Ducts, commercial kitchen 

BXWauslee ne oe eee tere ee SUSMOA TT SUL, SUT: 1; 


507.4.6.3, 510.73, 
910°9.1; 510:9.2 


AURstes ITT AC eer ee oe cit one ee ea tala a ete ee 905.1 
Ducts, product conveying, 

SUS Cr re Wn tse ks ves ira een a 303.10.1.2, 506.10 
Equipment ON TOOS sr2i 22 ah fer 2.20: 303.8, 303.8.4, 


303.8.4.1, 304.2, 304.3.1.1 
Fans, commercial 
KITCHEN eXNauste Seat Sa Aes she AS! 
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FIRS TUMNIACE NG SIM cs. c:taz. eee 906.7, 906.11 
Food service appliances ........ 918.1, 918.2, 919.1, 
919.2, 919.3 
Furnaces, central heating .......... 904.2, 904.3.1.2, 
Table 904.2.2 
Gas-fired toilets. . 6 ccc. a caw ase cn s OE 929.1 
Gas fireplaces. ....... SAOQTTAQPHREA SD. Yat 912.2 
Grease removal devices, 
commercial kitchen exhaust........... 507.4, 5074.1 
Hoods-7 oe Seerrt 506.10.2, 507.4, 507.4.1, 507.4.2.3, 
507.4.2.1, 507.4.2.3, 603.13.6 
Illuminating appliances............... 924.1, 924.2, 
924.2.1, Table 924.2.1 
Infrared heaters ty § FIV. ae ie Fa eee 926.2 
IRTTTSOPERS, “5 a'nte t's" 'N Gs bes k's EO 603.13.6, 931.5.1 
PiGi TET! Cala me ec are ni hig iva eux dike ean D 110.1 
PIDs NY GIONICS |. 4.4.8.7.045. 0046 68.62.51, tee eee 1221.6 
POOMIBAIEISs As. es ouclon as cee e ren eee 927.2 
Pronipited@ use ile Bee te 6419 FPS 512.1, 701.12 
RECUCTION OF os Sn: 506.11, 506.10.4, 506.11.6, 


507.4.2, 507.4.2.1, 
507.4.2.3, 507.4.3.3 


Fleiigerators Sais sete oeeee ee ee ee eee 928.1 
ROOM Nealeiste tr a fee Liner ee eras 916.2.3 
SECDade Paliawen. Me fo. eee ee Seen. ee are 906.9 
PIE TG Ate rar er eecen Seth Cree sense eon as rere ahora: 917.2, 9172.1 
Unlisted apolances fsa ces se eee te. 303.3, 303.10 
CLOSED COMBUSTIBLE CONSTRUCTION 
DETITOMe rts ces eat ere ren eee meee ane 205.0 
CLOSET OR ALCOVE INSTALLATIONS 
Alt Cornulfoners 4 2.2Ce Cet! Senne te eee oe 603.13.4 
Central heating 
fummaces-and DOnlerS> 2." 482544525784 303.2, 904.1 
GiOihes uryels aoe. 2. oa Leena 504.4.1, 908.2.1 
CLOTHES DRYER 
Clearance rn. se fen a ye ye eee 504.4.3.1, 908.2.1 
COMMMEeNClar Use? 4.22.5 47 ats cree eaten 504.4.3 
{J OMHITIOUN CXMGAUS Use vy hn fone c aye rere agen eae 504.4.4 
DSnINOM arr ed 2S fea eee eee Sees Pers Ccmaee! 205.0 
LOMiesic i vpee. + me... 2 oe Ne eae oe 504.4, 504.4.2 
PIBCU IOV DEL 08 ca *.8 SY nee ee anes 908.1 
Exniausruueias: aie as ae 504.4, 504.4.2, 504.4.2.1, 
504.4.2.2, 504.4.3 
FOr multiple farniily USG%: ® « «us wha sel ape ph ane 908.2.3 
FOr DUDIC US Beets +) ot ue ee oes ts he 908.2.3 
MaReuiaits i: iau pe fh fod PES ees te 504.4.1, 701.3 
SFT OMMUEVIC@S: i rks as ee Oe Se Se 908.2.3 
eR naAUOR de> tk wanes: eae ee eee 502.2.1, 504.4 
TET ESTLONY CUCES or! at Wt 2? ae ae Re eee 504.4.2.2 
Wpetterr ss. See 205.0, 504.4.1, 504.4.2, 908.2.1 
JUDG 2 hs BARS Ga YS SRE 205.0, 504.4.3.1, 908.2.1 
Lplisted.jse. >. 24% nS oo ae ee ee a ee 908.2.1 
CODE 
DSTININOIE, « alot whi ats. occa fle ee 205.0 
RN POSE Ss Let U ek 01S See i ke 101.3 
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SOO ete oes ok hae S Se ee 101.2 

Conicts between... 1.6. a sek ea yey 102.1 
COMBUSTIBLE CONSTRUCTION, CLOSED 

DOSTHUOITS Fee a se inca carve sn ce cs 205.0 
COMBUSTIBLE CONSTRUCTION, OPEN 

DennitON «a... is.0 .s .@Gtee ae See 217.0 
COMBUSTIBLE MATERIAL 

DOTMION TEM. ose age ce Warde on oe ee 205.0 
COMBUSTIBLE MATERIAL, LIMITED 

Definition’ © 0782s <hOSS «AR ere 214.0 
COMBUSTION AIR 

DeMNILION:..... cobs cas anee es ae 1 205.0 

DEN ORES S 5. 5. dads wcanlro era eee 701.11, 701.12 

General requirements ..............5005 Chapter 7 
COMBUSTION AIR FOR 

Boilers, low pressure, 

installed IV ClOSCtS = iptabts poet ates eth se yoy ee 904.1 

Engineered installations. 25... ..+ +> » ati 701.8 

FIPS GIACES HP. fi as.4 Gao ph oss ae meget oe 912.3 

Fossil fuel heating equipment............. E 502.6.1 

Furnaces, central heating.............. 904.1, 9073 
COMBUSTION AIR FROM 

Bedroom.or bathrooms waewine « « «+ o «ken nah 902.2 

Chimpeysrand Venisint ..: + < xucseesi aod desain® 802.5.11.1 

Combination, indoor and outdoor ...... 70L7, G 1030 

INGOOKS: <li can aah awe c.7.05.k < emeneosten Semicon 701.4 

Louvers, grilles and screens ................ 701.10 

Mechanical SUDDIV GL gsc <6 6a) > » «eee 701.9 

CHUL COCK cat ste ae: ol cae Ee SC ary 2) ee 701.6 

Refrigeration machinery rooms.............. 1106.5 
COMMERCIAL FOOD 

HEAT-PROCESSING EQUIPMENT 

DS TOOU attack: ac ca av sane oft da 5 eee 205.0 
COMPRESSOR 

POTION eae ate asc dean oa es, oa ee 205.0 

Flammable 

CaS aliases 2. bait wate wale 1310.14.1, 13810.14.5 
Positive displacement .......... 205.0, 1111.2, 1112.2 
Refrigeration system ............... 1105.2, 1105.3, 


HOS.67 1th 2 alice 


CONCEALED SPACES 
Definition: Sake e 58 hot Reet Ter eee te eer 205.0 
Fuel aS DIDI tie. "oy ot te ee eee eet 1310.4.1 
Hazardous process pipingin.............. 1406.2.1 
Lighting units in 
commercial kitchen hoods ........ O122.0, ole.2.+ 
Wsed as duCIS. . oc. osc fe hus bent eee 602.1 
CONDENSATE 
Cleanouts for condensate drain............. O10.001 
Gontrol: -¢ ses ress ce bd ca pa Sees eee 310.2, 1105.10 
TO GTTMIONN. nr cate tate whe ety ta i 205.0 
EHSPOSA: VE ashe ererstatet hei ohne eee 310.1 
From air 
conditioning equipment ........ 310.1, 310.2, 310.5 
Pram aiecocing. coils. f/v yan eee S40: 274105. 7 
From ADplances oe se ne ald a ete oo 310.4 
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From category | and 


category Ill appliances........... 802.8.3, 802.9.1 
From category II and 
category IV appliances ............ 802.8.3, 802.9 
Fromfuebgas:piping ... 2... .... ates 1310.8, 1310.8.1 
From noncategorized 
appIIaRCES .. ; . arctnaanes i wlouks 802.8.3, 802.9 
Frommetrigerationjeoils. we... «a .5. 65. 6. anew 904.7 
otmintecischarge hs... eye eca Yoel d 2s, OOM 310.5 
RUMDS ear Os ait vo TORS. YAR 310.1.1 
Waste pipe sizing ............... 310.3, Table 310.3 
CONDENSER 
DENNEN: 2. 22. SQQEA BEB. LORE ears 205.0 
CONDENSING APPLIANCE 
DOUGH oer be ewes tacre dee VIAN 205.0 
CONDENSING UNIT 
Domitionpee. eee eee ee eM, 205.0 
CONDITIONED SPACE 
DSTINUCHTT Me ne eee ens state sess Se eee ee 205.0 
CONFINED SPACE 
22) Lit i vaaaetntye ey a ves recat sc neta er at a aA atta 205.0 
CONFLICTS BETWEEN CODES. ................ 102.1 
CONNECTORS 
BOUiMnies CALCU Y | a crete. eet was des 802.10, 


802.10.1—802.10.12.1, 

Table 802.10.1.3 

Appliances, category Il, Ill, andIV ........... 802.11 
Appliance fuel connector............. 203/009 312.1, 
ISl2slh sled, 

» ACh DED oan fe & Fe 


OS EO ae ee a ee Table 802.7.3.3 
OA) ne eee ae 205.0, 802.5.5, 802.10.1.3, 

Table 303.10.1, Table 802.10.1.3 
Clearances .......... Table 303.10.1, Table 802.7.3.3 
Flexible connectors.............. 1ISst2H:271s1ces 
Gas. vent O.658 ....., 224.0, 802.2, 802.3.3.3, 802.5.5, 


802.10—802.10.12.1, 

802.11, 803.2-803.2.3, 
803.2.11, 803.2.14, 
803.2.21-803.2.23, 

Table 303.10.1, Table 802.7.3.3, 
Table 802.10.1.3, Table 803.2.1 


ICHIOTAUNG” ss ici cereadere shes: Table 802.10.1.3 

Mirupie appiances !:: titi haere... ee eee 803.2 

NC T IS CAG eee fk eS ee ee ee Sele 510.9.1.1 
CONSTRUCTION DOCUMENTS 

PON ete te ee aie cate 6 ee ee arene ec 205.0 

DEL BSL LY et Eo techn, ae & Mapai alent seek at 103.3, 104.3.1 
CONTAINERS FOR 

Cabelas Sart ota Miner aes eae ois © ¢ ta eon'a 509.2.4.1 

Liquid petroleum gas (LP-Gas)............. D 104.3 

6 JME Spee NigetO < aa  y T eCN Ai rele D 113.6.2 

Refrigerants .......... (see Refrigerants, containers) 
CONTINUOUS ENCLOSURE.............. 205 0 A107 
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COOLING 
PSE SVSTON A oie cei egtvieienyez cane) PORE RAGE | 311.0 
COG oi. ies co is vivian os A ENOQ VpuRE 904.7 
Evaporative cooling system ............ 207.0, 933.0 
System, definition. .... .@ailelucniostian. aha 205.0 
IWS, SEL PEGG. Ln icaie ees Chapter 11 (Part I!) 
URI. MECH ARICA. SY Ss sRENALiIen: 205.0, 904.8 
COPPER OR COPPER 
ALLOY PIPE ANDTUBING................... 1211.3 


CORRUGATED STAINLESS STEEL 
TUBING (CSST) 


RIOR uO ligcaty ctv cy sw ih ope op hah ot chats as ah ce os «occ AR 1311.2 

DET IIUOM Sohtereiet «0G 26) Cs Poe. eee nc BE 205.0 

RS SOI memtpestearseae nie Apes Parcel we ondeenieaka ita NO 1310.3.5 

TOS! PreSSUTO her Fone ae alse es ee 1313.3 

CREMATORIES 

Pee VL QUAIL. cos Ss ceisd ects cd chcmap nh ae ehce xp con or sno 926.2 

CROSS-LINKED POLYETHYLENE (PEX) 
PIPING OR TUBING 

eI Ol eee nt Pe Nts. uch Onesed ok te 218.0 

Ground source loop...... Table F 104.2, Table F 104.3 

PONG aah 3-9 6 hick do sh ae. WO 1210.0, Table 1210.1, 

Table 1220.4.1 

JOIN ANG CONNECTIONS «ws cea ewe we ae (see Joints 

and connections) 

OXYGEN GIMUSION 6 ius cc ssa ss MOUND DEEN 1210.4 


CROSS-LINKED POLYETHYLENE-ALUMINUM-CROSS- 
LINKED POLYETHYLENE (PEX-AL-PEX) 
PIPING OR TUBING 


CE cee aes Ce ee ee aS te tte 540s 218.0 
HYCHOMCSE PD aes Set 1210.0, Table 1210.1 
Joining and connections................ (see Joints 


and connections) 


—-D-— 
DAMPERS 
Automatically 

operatediaii). 2a ERY 802.15, 802.15.1, E 502.10.2 
Backcranioen Oi. ccvttrans 504.1.1, 504.4, 1106.7 
BalariCinG Re Sat. RO. aanin wee es oe E 502.3.1 
DSM AGIAN ni ce ccter teeter erercianereraveresaQtlh 206.0, 606.3 
Chimney, free opening area............. Table 911.2 
Combination fire and smoke................. 206.0 
DB GRIION SRE. oid 6 Se win ee ne 206.0 
PCONOMIZEIS 00.0.8 eYe, PISA, E508/5hhM 
MD pt od eck vive saat kvanve 206.0, 508.3.5.3,, 508%; 5230%, 
511.4.2, 516.2.6, 
606.2, 606.5, 933.1 
Fire and smoke, access tO ...............05. 606.5 
Freedom from interference .................. 606.6 

Heating, ventilation, 
and air conditioning ....... ...{Eewavraaeek E 502.12 
BVAG sysiom ests Of ..... +... SORE E 805.0 
PADUNCAON OL cs. dn iw ek we ws = = op AOS 606.5 


In ducts, commercial 
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KITCTION GXMAUSE ce cunu-e- oc) eh erner ee Si2nyolew 
IFT GUCE TUPAC oon. cccarcansluies-cravesevewcnc trices: Eee F 905.6 
Manually operated.............. 802.13, E 502.10.2 
Maximum leakage .................. E 503.4.6.4.2 
Motorized, nonrecirculating 
BIN TIOAUIGD ss wr hk ee aes 914.7, E 503.4.6.4.1 
Multiple arrangements ....................- 606.4 
FROUUIT all ctr ttc ats es tena E-503:831 SAE) 8056212) 
E 805.5.2, E 805.12.1.1 
SMOKE. ..". sc ed ee eee 206.0, 606.1, 606.5 
SUDO Gil re eee Cae E 503.4.6.4.1, E 503.4.6.4.2 
SUCK ac ate, cotta a iy oa ok cobs syd 52 hy savy seen kc 1003.4 
SLES CA ey POP pe PEM 802.13, 802.15, 802.15.1, C 109.1 
NVASEMDI LNG sina nc Sung ecg raora ve saolry Sanne ake ancora wee xa calch cae 206.0 
DECORATIVE 
APPLIANCES, VENTED ............ (see Appliances) 
DBEINITIOINSS 5, x casecuh-0- oss 3 ouea teeveataey- >, cs Chapter 2 
DEPARTMENT 
DOTININON oc cans s vas ee a so EA Oe 206.0 
DESIGN 
Requirements for Ethylene Oxide (ETO) 
SIQHIIZATIONALCES | oi. ocexecicey setgeitesen, a, Boe 418.0 
DESIGN FLOOD ELEVATION................... 206.0 
DEVICES 
Automatic carbon monoxide................ 403.72 
Automatic control ...,.0.....2. Oe feces 306.0 
Detection; MiMi. A ANS VHT Oe oO 206.0, 514.2.3 
Draft control, fuel gas vent................ 802.12.2 
Grease removal .............. 209.0, 507.4, 507.4.1, 


509.0, 513.1.2, 
514.4.2, 517.5, 5177.1 


Pressure limiting.......... 218.0, 904.4, 927.3, 1111.0 
Pressure relief................ 218.0, 904.6, 1112.0, 
1113.0, 1115.4, 1206.1 
Quick-disconnect ........... 219.0, 1312.3.2, 1312.7 
DISTRICT HEATING PLANT 
Detinition... . = 0 fb ace 4. iis cece 3 eee 206.0 
DRAFT CONTROLS .26.908....00.0....4. Res 802.12 
DRAFT HOODS................ 206.0, 802.5.5, 802.6.2 
DRAINAGE 
Bollefioomsi oo... Lo Ue eae 1001.4 
Cooling.tower: :.... 2. Gote QO e Geet eae 1121.0 
Hydronic piping system #yome Rok Gal nounniieen 1221.4 
DRAINAGE PANS ................ 305.5) GIO eK105.7 
DUCTLESS MINI-SPLIT SYSTEMS .............. 935.0 
DUCT(S)OC.,0.0:-0.808 £7808. aaa: Chapter 6 
ROIS IOISOOU Gee es, ee seein nye Sick 602.4.3, 603.12 
DIGS BAY ORI: Shee oe sang ween on ee 504.4, 504.4.2 
Sombustion ain’. 0 «=. Sea 701.6.1, 701.11, 701.12 
Combustibles. within. .. . one22oe aay sees 602.2 
Construction of 
(product.conveying). . .. ... QO RRIIOS Saree 506.2 
Cross contamination........... 82 2taee sekeyet O 603.10 
DOTINITOM ack ae wee es ew www one MEO 206.0 
Domestic range vents... . :. . USRaS. ahah 504.3 
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DUCE gos bcc c cea ses td OM oe 409.0 
BAVIOMMON {al Ait... ..... ee Oe a 207.0, 504.0 
Exhaust, commercial kitchen ................ 510.0 
Extn metal. «4. ai +.<c gees See ot ee 102.2 
Factory-made aif... 0.5.5 @ 603.4, 603.4.1, 603.7 
Fire protection required..................... 506.8 
Flexible air ducts and connectors ...... 603.4, 603.7.2 
OLN Siero sradatemaret oar «abcgaae 603.13.6, 931.5.3, 931.6 
= Tq at: or: rn Ee 206.0, 905.0 
CSFAVITY VENUIATION «6st oe shec os oer os tcece eae 931.5.3 
GIGESE TYPO Basi co cos oct seartann cea ae 209.0, 510.0 
Gyosum Wallboard 23) .c%e 2. afar ee 504.6, 602.4.2 
In under floor or crawl spaces................ 603.2 
Inspection and cleaning of ........... 514.2, 514.4.2 
MISUIALION. Ol nonce ee tee eee 605.0, E 502.4.1, 
E 503.4.7.1, 

Table E 503.7.2—-Table E 503.7.3(2) 

Joints and seams ....:..... . Bee Cees 603.9 
eAKACC 1OSb. eae sli a ea gs wo 603.9.2 
Manifold (common duct)”........ .eamem seeeeae 511.4 
MiatONial Olsen ater, outs hls 506.1, 510.5.1, 602.0 
Metal ifs sen: ss oe 506.1, 602.3, 603.3, 603.7.1 
Non-grease ty0@y. sia 6ccec eens sop 519.4, 519.5 
Nonmetallic; s. cos ss 4a bec eels Geen 602.4 
ODORS = seven We ete sia e 510.3, 510.3.3-510.3.3.2, 
510.3.4.2, 511.1.5 

ING! ONGASS herirates tee ca eles pire S(t 510.5, 602.4.4 
PIASUG? cae i's ha Wee Sr Oe aan ce eer 603.5 
PIOGUCCONVEVING comic cies wasn oe ee 216, Duce, 
506.0, Table 506.2(1), 

Table 506.2(2) 

PICICCION OLE tt re et, ee te oe 506.9, 603.6 
SONOS UCI et ee te al ide 2a 517.0 
SUDNOM SySIEMS See eee... .. 504.4.5, 506.7-506.8.4, 


510.1.6, 510.1.7, 510.3.3.3, 
510.5.1, 603.3-603.3.1, 603.7 


FEKMINAVONAE ch- oe. eme as san 222.0, 502.2, 510.9, 
519.52701. 41 
UNGORMOUNGY Mies 5 ee es © se et 510.8, 603.11 

af 
ECONOMIZERS } Ge She aided 2 oss hides dee 4076 
ECONOMIZER,AIR............. E/503:5..), bo03-bo1e, 
Table E 503.5.1.2 
ECONOMIZER, WATER.......... 5036.2. bi502.5.2.1, 


Table E 503.5.2 
ELECTRIC HEATING APPLIANCES 


JAI CONGITIONGNS <0... x x 2 a kpayeus) dan come eins eee anaemans 903.1 
DIUCUNEAOES 5. icq a5 uae 3 Rk Fe ee ne 905.8 
Moom MOaters ... iA ws.) = isa dn ooh eee 916.1 
ELECTRICAL CODE 
EIGUTULION iicix a x & 0.0: sak in cee levatiad Regen 207.0 
ENCLOSED PARKING GARAGES..............-. 403.72 
ENCLOSURE OF DUCTS, 
COMMERCIAL KITCHEN EXHAUST 
Clgatalwces ...:...ccm name 507.4.6.3, 507.4.8, 510.73 
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WONUNUOUS . EON errata 205:0?'510.7 
Ducts: WIRNY Fcc cede tee ce cs MYON PQ NOPOYHE 510.78 
Fire doors required :iisisitatriaseres + OQ S10:7.7 
Grease, factory built................ 208.0, 507.4.4, 
507.4.6, 507.4.6.3 
Grease duct, field-applied............ 208.0, 507.4.5, 
507.4.6, 507.4.6.3 
Frogucvoonveying GUCIS , sc. fair .oeeTilaice: 505.8 
ENCLOSURES 
Forequipment On roofs cae eee 2 nee ace d PQ 303.8 
FOMDONCISS loka ee see eee rs bet The 1001.2 
ENERGY STAR, DEFINITION.................. E 201.3 
ENKORGCEMENT (5 23 So 9 EE ION, ata i ea | 
ENFORCING AGENCY.................... 1.11.2, 2070 
ENGINE, GAS PITT? boi fe QO RIMINI? STE 1602.0 
EQUIPMENT 
SIGAaVaNCSSY IGN? evel bee eee’ 303.10, 303.10.1, 
Table 303.10.1 
Converted equipment..................-065 902.3 
Demitiony sleet sail r.s esd sc: RRR 207.0 
Designates. sss yr. > VORP UISD, OPNBAN, 301.3 
IGINUNGAUION OF acceso! ea tatasatatete ate PORT I 303.6 
imiproperilocation |..:.:.1.. MAD AOR Dee 308.0 
MiswaaONes eee ew ve ask ewes owe 1 OORW) WOO 303.2 
On rools ¥ PST Serine. oriRas, 303.8, 304.0 
Protection against flood damage.............. 305.3 
Service and’ access: «525262505 OPPS 304.0 
ETO STERILIZATION AREAS.................... 418.0 
EVAPORATIVE 
GOndenser «i s...4504% 6 .QRA 1119.1, 1120.1, 1123.1 
mooler.tw A Ae BE NISBOME LY 207.0, 933.3, E 403.2 
Cooler, portable, definition .................. 218.0 
Coolng-sysiemioe.. ces... DPBS. OR 207.0, 933.0 
EVAPORATOR 
STMT. 99. ADR rere sine nn ocleYs 1eas sah 207.0 
EXCESS’ FLOW VALVE. .-...0...00... 70 50. See 207.0, 
1309.0, 1406.2.1.5 
EXHAUST 
Bathroom exhaust fans cuits ees ss OO 405.3 
GIOINGS .CFYVGliata yn wakes als ois 504.4, 504.4.2-504.4.5 
Commercial kitchen.............. Chapter 5 (Part II) 
Discharge, type | ° 
ANG. TYPO SYSTOIN oie ctw cnicete cdsncesectsensr anced 519.5, 510.9 
BPECTS Pe in de det cede ty ds dots ded Ao GED, 504.0, 506.0, 510.0, 
Chapter 6, 1106.9 
Independent system ..............05 504.2, 5173.1 
PRR CTIOM nce re ccs eats cataract nana ta nate ORT APE Pe 405.4 
MIGCHARICAR 5. 6 os eine el oe ERY 405.3, 405.4, 403.7, 
Chapter 5, 1105.5.2, 
1106.0, Table 403.7 
PIOGUct.cONVEYING + «a ee 218.0, 505.0, 506.0 
FIA ee ass Fee ae Re OE ass 403.7.1, 405.3.1, 
405.4.1, E 503.5.11.2.1, 
E 503.5.11.3, Table 403.7 
Refrigeration 
machinery TOOM: Lease OY so" 1105.5.2, 1106.0 
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Separation from 


Ounerexnaust¥? the hse Fees esr 504.2, 517.3.1 
PUCTITHT VATION Ts sheen a tee chet te telat hate fk tae eS 502.0 
Ventilator openings ...............05. 311.3, 402.4, 

402.4.1, 502.1, 1106.7 
EXISTING BUILDINGS....................... 302.1.3 
EXISTING MECHANICAL SYSTEMS ............. 102.2 
EXPANSION TANKS 
WIOSGUMYDGre ere er ree Mas eee 1004.3, 1209.4 
Minimum capacity .......... 1004.4, Table 1004.4(1), 
Table 1004.4(2) 
SOI Metres ebay ad oe at ats oa 1004.2, 1209.3 
WWITOLS HOGUNOG. 2 5.25 e.8 nave a aie mgt 1004.1, 1209.1 
pg — hh 
FAMILY 
TOTTI OLY Sate ie te eR ae ea a 208.0 
Prats ee Ee ee ee Peer 508.0,:510.9.4.2 511.0 
BEES ate ies te ee ne Se be NG ihc lia Ss Saale als 104.5 
POLINVOSHGAtIONS,. 2. sages wis wk fee wh ene 104.5.1 
OMDERIMIStawieie ccs ©, aa mx spur a5. lal 104.5, Table 104.5 
For plan review... .... geviquen wag oie a -ceorm: 104.3.2 
ROMO RMSDOCHON 25 sills ou cw ee dk ee ew elk 105.2.6 
Mechanical permit fees .......... 2aqyme Table 104.5 
REMNS. 6 tnt ie dewwied oak +. seiyatcag ide 104.5.3 
FILTERS 
CN 2 a eee: ce oe: 311.0, 602.2 
GVCASOR oes iene ih egics pled anudungn ORB ID J 209.0, 509.1 
In recirculating systems................0.055 516.3 
Retinivaliiccn:. statatian.«..-.,. QOesel. E 603.1.1, E 603.3 
FIRE 
Gode, definitions :2222221::234 PPPPY OOS 208.0 
DAMMDGT seers. 558 8a Sats a Shee 206.0, 606.0 
OCIS: ee Sali gys wus +0 ROO Reet s 510.7.7 
Extinguishing equipment ........ S13:0) SIS2; 4.7.7 
Fire-resistive 

COMSTRURCTION, GOTMUON <2 rovaweerreia vests up rate tecneea hs 208.0 
PRION COTINITION sc. oo agar ange she eee de ie. 28 208.0 
Resistance rating, definition ................. 208.0 
VAPEICUG TIT AIEIOT A stcits sites adyrty ce ta ne Hatin he ta hee tale a eas 208.0 

FIREPLACE 
Decorative appliance for .................05. 911.0 
TE Ye: For BGs 901 Stok anbt beh Al ie ee on aes ee 913.0 
Gas Vents i.5.555544655. 2508 yee 912.0, E 602.1 
SCICenS os tt ret se sks scene eid Shontet 911.3 
Stove, cefinition ....5%.3 +255: Seat 208.0 
ROTH ca yt ce ce eis c Dy oF > bs SO 802.0, 911.2, 912.0 
Wood Dumingcs...icsai.i... Bae ie Hobos E 602.1 

FITTINGS 

EUGUGASIDIDING, | 25s co wn oe Qe 1308.5.4, 1308.5.8, 
1308.5.7.4, 1310.4.1 
Ruel gas. Vent. vrde snc d cass « RI 803.2.8, 803.2.9 
PIYGFOMG-PIDING .xissesecvacant 1210.0, Table 1210.1 
Refrigeration piping .............. 1109.1.1, 1109.1.2 
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FLAMMABLE VAPORS 
Definitions... +5555 54s 55 Sees verte. 208.0 
installation yeyestiact...s + ,0,+,<,0cc3 «co, 902.9 
FLOOD RESISTANT CONSTRUCTION 
Coastal high hazard area ............ 205.0, 305.3.1 
Design. flood elevation .... ... . ak Sea eee 206.0 
Flood hazard. area aaartave. Acar OnE 208.0 
Fiood.hazard resistance ..... & ies Aree 305.3 
FLOOR FURNACE ......... (see Furnaces, floor furnace) 
FUEL 
ApplianGGe. iiss os. on is ee (see Appliances) 
Appliance, connectors, definition ............. 203.0 
ShutOlhacp «2s 2. ee ee eee 513.41513:6,Ca102.0, 
Table 1003.2.1 
Solid-fuel cooking ..........-... 221.0, 508.6, 510.10, 
511.1, 5115, 5121225170 
Temporary CONNECUON 2.6 sss saws oe) cee 105.4 
FUEL APPLIANCE CONNECTOR 
LJGUIUON. § acs c 5 Ae hawk 6% oo Sake aun a aes 203.0 
FUEL GAS 
DS FINITON ase nantes haces Phares DEPEND cons «ies 208.0 
FUEL GAS MIXING 
BLOWERS AND MACHINES.............. 1310.14.3, 


1310.14.4, 1310.14.5 
FUEL GAS PIPING 


Gathodicnrotection : 22222 24252425 sere D 105.0 
Change indirection 27 ae ost scan ean 1310.8.3 
GoncealedJocation:. 6.2544 VAwd st sok wee eo 1310.3 
DSLOCHON: OF JOAKS. 1c sncn need cacratonce erga eecuceenee 1313.4 
Electrical bonding and grounding............. 1311.0 
Inspection and testing .............. 1303.0, 1313.0 
INStANATON st cote o5.cle tin aerate coe 1310.0 
Interconnections ...4.+:s..+:s ++ Rew 1308.3 
WOINTSFANCUNMINGS «oscil wean e 1308.5.4—1308.5.8, 
1313.2.1, 1313.2.2 
Maleials oes... : «= 1. < trees o 1308.5, D 109.0 
ODSUUCUON OT TOW... «5, «cr dusccue wists, ae ane 1310.12 
POUCH) cea ke ntecitc a 2 ten i see ee 1313.6 
PATA tee agin tie 93 1308.4, 1314.0, 1315.0, D 108.0, 
Table 1315.2(1)—Table 1315.2(36) 
SU WORI SS a ee arte ot oemae: 1310.3.5, Table 1310.3.5.1 
Underground 
installations........ 1308.5.2.3, 1308.5.3.4, 1310.0, 
D 101.2, D 109.3, D 110.3 
VOTING? hore ene eee ee nee 1308.7.4 
FUEL GAS TUBING 
Cathodic protection e214 ¢es5 r4esas4eti ae D 105.0 
Ghange indirection: 2.3: s20ic222 POPPE 1310.8.3 
GONnCSalEd TOCALION i's er aretaere nee 1310.4 
Detection Of ICAKS:: «0 ee 0s naw Hand ee ae 1313.4 
Electrical bonding and grounding............. 1311.0 
Inspection and testing .............. 1303.0, 1313.0 
Distallahcn BGS NG). «saccade os 1310.0 
IRONCOMMEGHONSAIT (civ cas brn oa 1308.3 
dointseanctittings 25.4. 5.008 soeo 1308.5.4—1308.5.8, 


1313.2.1, 1813.2.2 
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BME RIE 6 cs os oars cccaue ,# vie 2 cen 1308.5, D 109.0 
@Mbsiniction offiow..... +. ...s«.. a see 1310.12 
RUGHIGS suwea avy oo Keeton. . DepRIOe eet. 1313.6 
Ging Reset .\..-.>.-.- 1308.4, 1314.1, 1315.0, D 108.0, 

Table 1315.2(1)—Table 1315.2(36) 
SUDUONSS. iia accents 1310.3.5, Table 1310.3.5.1 
Underground installations .............. 1308.5:2.3; 


1308.5.3.4, 1310.1, 
D 101.2, D 109.3, D 110.3 


VONtiNg: schon Sela «0.4005 « a Pe ee 1308.7.4 
FURNACES 

Approximate gas input .............. Table 1308.4.1 
Automatic control required .................. 608.6 
Central heating furnaces .............. 303.2, 904.0 
Clearance for.servicing.., ........... aaa 304.4.3, 

905.8.2, 906.11 
Clearances .......aeeess4 303.10, 303.10.1, 904.2, 


904.3.1.2, 905.1, 906.7, 
Table 303.10.1, Table 904.2.2 
Downflow-type, 


heatingadefinition . 4.6. .a<a4 ee t, eR 208.0 
DUCHIUINACE . os oss « we cna Ss, eee 206.0, 905.0 
Enclosed furnace, definition ................. 208.0 
RIGOGHOMMACE «1.5015 ,cuaissaacaandatomea eeu 208.0, 906.0 
Forced-air heating, definition................. 208.0 
Furnace plenums ........... 802.3.5, 903.2.3, 904.7 
Gravity-type, floor 

furnace, definition... ... 2AgRA WOT ies: 209.0 
Horizontal-type furnace............... 208.0, 904.9 
Oil-fired central furnace................005. 904.11 
Seepage pan, floor furnace ................. 906.9 
Solid fuel furnace,, ... « @iwitet eens 904.10 
Upflow-type, heating ................. 208.0, 904.9 
Wall furnace, vented........ 224.0, 907.0, Table 802.4 
MVEUT ET): AR ccxca cd. asgne deka septa 225.0, 608.6, 608.7, C 105.1 

FUSIBLE LINK 
DOBNITIONBREE 6 sou a dese oh aa Re 208.0 
FUSIBLE PLUG 
Definition ages «i600 cnc. ae ieee 208.0 
Co 
GALVANIZED STEEL 
De Tithe, BP ies ovens sessrea cs a 00 cc PN 209.0 
GAS CONVENIENCE OUTLET................. 1312.8 
GAS ENGINE, STATIONARY .................. 1602.0 
GAS ENGINES, 
AIR CONDITIONERS ...................... 903.2.2 
GAS VENT CONNECTOR............. (see Connectors, 
gas vent) 
GAS VENT, 
SURROUNDING SPACE................... 802.5.11 
GAS-FIRED 
Air conditioners 

anmiheatpunipSt & . six dees en cee eee 903.2 
Clothes dryers?) ) CEM. BXHAUSS. . noneeoee 908.2 
Household cooking appliances............... 920.2 
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Industrial air heaters.................. 914.0, 915.0 
Boon NGatersinac Ieee oe Wo ee he ee new ee ls 916.2 
TP ONGIS tee Sarde i oe oe nme ance Serie oe ad 929.0 
GAS FIREPLACE, VENTED .................... 912.0 
GASEOUS HYDROGEN SYSTEMS .............. 937.0 
GAUGES, STEAM BOILERS .................. 1003.3 
GENERATORS 
A MOS ipo telat & EE aha ea kOe aaa Oe tae 209.0 
OGUIG Ry Mere LM HOME hs dF ols ole oo nie £ eds 1602.0 
OT eS Sp han ae oe a 918.1, 1011.0 
GEOTHERMAL ENERGY SYSTEMS ........ Appendix F 
Closed-loop systems ........... Appendix F (Part II) 
Decommissioning and abandonment......... F 110.0 
Denno coer cc ree. AOS ABST a. | F 102.0 
Desig OL SYSIOMS «202.0205 ss: ol Oe Ae F 104.0 
Direct exchange systems........ Appendix F (Part IV) 
eroundwatersystems ... uc. PPPs eye F 103.0 
FIGREDUMDS aw & stage ty OO PIA 2 PUR, F 105.0 
mstallation, Practices. ...«.... .«.....« JOOP. QUlsIO8 F 108.0 
Open-loop systems ............ Appendix F (Part Ill) 
Specific system components design.......... F 107.0 
SVGIOM) StQs UDA... soiohiase = oo » o oe teceh ene F 109.0 
OCR ee RE a css odin: al san ices a eee F 106.0 
GRAVITY 
Definition, heating system... .............40. 209.0 
Type floor furnace........ 209.0, 306.1, Table 904.2.2 
MERU SVS a 5 Gs ae a 224.0, 931.5.3, 931.6 
GREASE 
POS EON a arte tact, oy Sauna. © og ea Ge as ade 209.0 
CC OMe tete s ME a evar s ake, 209.0; 310N-G a) 10a. 7 
DCTS TOUL SOLOS UlINOle « io saa sl. ps ee ke 517.4.2 
AD Gyre Ae iS ee eee 509.2.4, 509.2.4.1 
Filter mesh type, definition .................. 209.0 
PAOIeee ot ae ee eee eee 209.0, 509.1, 509.2.3, 
509.2.4, 509.2.5, 516.3.2 
WAGOMIVEDOISet NOE oo crac: sr eeatar’s 507.2; 508.3917'503.5, 


5112.2, 511.4.6, 
513.1.2, 516.1 


BR a ae aia Oh ail a Sel ghx 5111.2. Tabs. 1, 
ey he 
Removal devices .............. 209.0, 507.4, 509.0, 


BISA 1d.2:0, 
516.1; 517.0 


aes cena ee Cie tee eri ee See 508.3.1 
GRIECES AND LOUVEHS oF. ce ee ee ss cae 701.10 
GROUNDING ELECTRODE .............. 209.0, 1311.0 

-H- 
HANGERS AND SUPPORTS 

fal) SoA ob mela ele tg Salta a a aka 303.4 
ie eer ae ee eee SOL er se ee BOO. 75 10.1.6, 
510.1.7, 603.3 

Fuel gas piping: 1... 115i... 455s 313.7, 1310.3.5, 
Table 1310.3.5.1 

Heaters Mw! sce. Letina. QOnR 917.1,'926.1 
lydronics system piping, ...x...<..0.... veya 1210.3 
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ROO UTS EE FRIAS wu 25 0: we ES a 313.5 
Piping andtubings BGR) ne. endless 2 313.0, Table 313.3 
Refrigeration equipment ...........0.0.00.. 1105.2 
PIB RET RT ACILIT IES Sx ois cca see caso ni GINO 1602.0 
PBT Gers, A oa A ik etl Noes 2 SEITE 210.0 
HEAT (ENERGY) 
RECOVERY VENTILATORS .................. 504.5 
HEAT PUMPS 
Auxiliary Heat Control ................. E 503.4.6.6 
DSHARIONIE ORs hea ka wt ees hs va ess 4 BE PPO 210.0 
Hydronic (water loop) ...... E503,5.5:2.3; E 503.5.7.4 
In low-rise buildings ............. E 502.0, E 502.72 
NnStalhawlioN eis hee eee ea IY SBD, SY OND BR 903.2 
LaDeHING We ae aan QD, 307.3, E 503.4.4.1 
Minimum efficiency ................. Table E 502.9, 


Table E 503.7.1(2), 
Table E 503.7.1(4) 


NaNMOp cle st ees was SEARS Et E48 8 oy Pe 307.3 
Other than 
low-rise buildings, HVAC............... E 503.3.1 
POSIT eee ee ee ee Ree oe eee E 805.3 
HEATER 
PR ens see ee ee ae ee 914.0, 915.0 
PING N EME Vac CIALIS, ate due asies so ete aie asa arn ree oe 303.12 
ClOalaNoee tars. ans wee pica wee oR saa (see Clearances) 
Direct gas-fired industrial air............ 914.0, 915.0 
DUCtTElCO Garrat rs a fr Sis eo nee & aac rience a fete 306.1 
IOI V Ere cane co < c- etter gia gen alee Table E 503.7.1(5) 
Pe Can siacncs tei hw aicanne SIRES Week, ae oa 926.2 
POO recat oe ch ict cin: Cars, Sem CURT en ayied Gaps 2 be 929.0 
Petia OU TOOR Oe GIO s: seas a ta sete oe 8 oun fe 220.0 
LOU cr ine cd oe Le se Sk: ata 220.0, 802.2.1, 916.0 
18 Fh Bet aaa P< BM ce, REE LkRerES 223.0, 917.0 
2) ee ace semen Mam ei Se et SES 225.0 
ATELY pet Oi: See ae ele 128 a id BOR 225.0, 802.2.1, 1203.2, 
1203.3, Table 1203.2 
HEATING 
U4] OCS (2) RR a a OO ART i De 311.0 
BORNEAN OOS jc asia + ead tee (see Appliances, heating) 
Equipment, industrial, 
eR OVTTET T1701 9 oy RI Po On Beene eee eae ames | 4 oe 211.0 
“ETE et Wie aa ae, Oe egy age 209.0 
Planiacoeniral, definition... ..4 «+ «.satdh paeatase 205.0 
Plant aCiSitiClLHGennitiOns bare 20. os we se op adele 206.0 
OGIO Accs oi iy GON; aes Senin Sie eee 210.0, 311.0 
HEATING DEGREE DAY 
OUTS ey ate. oe ee eee eee 210.0 
HIGH-RISE BUILDINGS 
RG SUNG ayertiei ad ack x 5 eos 00 8 6 abel Mean ag 1.11.3.4 
a ee ee ee 1.11.4 
MawiCOnstruction,, .4) px ose x 's/2\40\ 0s peemnabelyts 1113.3 
HOODS 
Pittowimeles otis « iin < os kn ds ae 508.5, 508.5.2.2 
MATIQOWANOG ac. wb os as « OO 508.5.1, 931.5.2 
eT, Qe See ee 508.5.1.1, 508.5.2.2 
525 


INDEX 


Ceilirig. Tectiology. 27. .. sc os. onde RRO 508.2.2 -I- ry 
ClGatENCO LIE a knew cx (see Clearances for, hoods) IDLH . 
Gommercial cooking .... . .. 22" ROtseg 508.0 PIG MENON Su8..0080 cio 211.0 
Gompensating. 400s. ss ee 205.0, 511.3 Refrigeration «/scecc ccs Seen eee 1106.2.2 
ROMSUUCTON RGAE BE oo ece tes es 508.3, 519.2, 508.3.2 INCINERATORS 
DefinitOnet Bee I0) « «<n. ¥ caine ay eee 210.0 Commercial and 
2) 206.0, 802.12, 905.4 mousinal ype es. see oe ee 925.0 
Eyebrow-type tai aee .o< neck due oe eee 508.3.3 BMme on eee 208.0, 512.3 
SEATS Fe 4 5 cx CN ne wal Residential 22215. 102. $202 0 eee 925.3 
Fixed baffle Piece eer e tee eee eens 210.0, 513.2.5 INDUSTRIAL HEATING EQUIPMENT 
For dishwashing machines............. 519.1, 519.3 oie 
isis ceniicmnmesen ealieliinre ita Ut ankles 9315.2 WTS (o) 9 eee rem eee. tee Se eee 211.0 
Grease removal devices in.................- 509.0 SLANG NE LOC AON 
Inspection and cleaning ......... 514.2, 514.3, 514.4 Definition), 2. cor» Serugiepesatabe «hoses se as eee yee 211.0 
PaSulatlonterGK WEL. «2 orp nex ie eae eh 508.3.4 INSPECTIONS 
Integrated supply-air plenums.............. 508.3.5 CHUNN CYS sal a.s.s.5. «0 <5 Seas es 802.5.6, 802.5.7 
Habelingasammmectens. . 5. + oussua rs ceus 508.5.3 Commercial kitchen 
LocalionaMCe. CONMECTON!.. >... -eteleany 508.1 exhaust system, schedule of .......... Table 514.3 
NONCAMODY-LV DG oon an. Giaescdi s sagtrasoutact one aegeaany 508.5.2 Evaporative. cooler ......,.....se ees ine One 933.3 
Product conveying ..« « «. Sate -spunibytiedcaett age 50S: Fire-extinguishing equipment ................ 514.2 
Seams, joints and penetration.............. 508.3.1 Fuel gas piping eer AGRE ORs 1303.0, 1304.0, 1313.1 
SIZ I RSet a ee ee ee 508.5 Reinspectionis-v2recreecsers seg RR 105.2.6 
Solid=fuel Awe tA al MOVES ow asc ns 508.6, Sy A! Requests Pe, SI) we os 98 ky 105.2.3 
HDS Lasts (eA Gans eek eo ue eee 210.0, 508.3 INSTALLATIONS OF 
Type eee eee eee eee eee 210.0, 519.2 Appliances in manufactured housing .......... 930.0 
Ultraviolet PRCA. = & sade Reletinsibeeer Reiiens ae 508.2.1 Appliances in garages. ............eeceeeee. 305.1 
Ventlating stireamtner « «dw si gle Xelegie ays 802.2.1, 802.2.4, Appliances in repair garages .............. 303.11.1 
8023.4, BOA ahee = OUT Se SRR I Re RE Ee ei 2 510.5.3, 603.0 
HOTEPLE ATES eh fethet. oye cs bys nstnsbudesskaeehinns 919.1-919.3 Equi eed i 303.0 
HYDRONIC SPACE HEATING ................. 1215.0 pn ie Oe a ee : 
HYDAONIGS ordi Seeding cs os coe Chapter 12 Bas CIPI ease aang ance iO Oikos 
Auxiliary systems ...........0cccceeeeeeee 1220.0 1310.10, 1912.10 
Appliances and equipment ................. 1207.0 Overhead heaters in commercial 
Roilersanc Quiivtge. ct-nuene. 1207.2, 1207.2.1, 1207.2.2 garages and aircraft hangars ......... 905.7, 926.4 
CPECUI GIONS ta Sats a ao es aha is fe 1208.0 INSULATION OF 
ROBIGNCe oc. ee ns eee a 1221.6 DUCIST BOM TE oie osc se ees 506.11.2, 506.11.3, 605.0, 
DCMU M! 28 BOW i gu 5 soca en day ad tlw ode ae 210.0 E 502.4.1, E 503.4.7, 
Embedded piping and joints ................ 1221.2 Table E 503.7.2, 
Expansion tanks .. «<<... soeee oe, lonl aii. tae bee nie 1209.0 HOOdS I do tee :otinin oneal aoe eee 508.3.4 
Hangers and supports. .s2................. 1210.3 Hydronic systems. . . . 1201.2, 1217.5.2, 1217.7, 1220.4.5 
HearSOurces, «ic cu ecu ine epee ee 1203.1 HVAC system piping.......... E 502.5, E 503.4.7.1.2, 
OAIANSIER MOCHUINT ills acl cera aes shat esas 1215.5 Table E 502.5, 
ldéntificationvof piping : : FAN Te eR ees 1204.0 Table E 503.7.3(1) 
Installation Or swe eee 6 biatelde «: 1 oe 1205.0, 1221.0 INTERLOCK 
Insulation mie alg? Y » Loe Les ae ea AEE oc PAL DG AtOI a «aves ut fur pete eee 914.7 
BOMIScarO COMMCCHONS satel ace outta ot eee 1211.0 Cooking equipment 
Matoriale prstaGu.. 23 aeons 1210.0, Table 1210.1 Soe 
; VON UATION ps ceecicnin ie: saat s eee 5171.3, 5176.2 
Protection of potable water supply ........... 1202.0 ret 
Radiant heating and cooling............-... 12170 Definition ..... 20:0. 4+ »¢ + gqeeumeneaemeed pee ene ear 211.0 
Snow melt systems ...........--. 1220.4, 1220.4.1, PAXBaUist 3c csfcic. ix awuyle, cus se cee ee oe ee 503.1 
2175.2, Table 1220.4.1 Gas.mixingunachinese: . « » + 4,0« oie sine oe 1310.14.5 
Safety'devicesiwalod coerce oc eee err 1206.0 Inenection Of safety si yas cvinko ete eee 516.6.4 
SiOsriUSYSISMNS, «Poach anadaeds aba oleh) 1216.0 Mechanical:air supply. ....,.: sa. Seige geet 701.9.2 
Testing yen OOO. Acrntacetewenae 1205.2, 1221.3 MOtNIZecIGUVEISS | nic. <ause ema wy eae eee 701.10.2 
Water healers. i cece cates Bae 1203.2, 1203.3, Recirculating SysSteMs oan.c.<lictsle 2 me utalee ie 516.3 
1207.3, Table 1203.2 Stack:dampers’’. ......... 000th pela ead 1003.4 
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JOINTS AND CONNECTIONS................. 1109.2, 
1109.8, 1211.0, 
1308.5.8-1308.5.9.6 
BIAZGOGONMIAN «) os... 50, 01., 45,:,-. SRO 212.0, 1211.3 
Copper or copper 
alloy pipe or tubing ....... 1109.2, 1211.3, 1211.14.14 
GRMAGINNG. occas ss Oh es' kes TAS oe ee 1211.2 
Embedded piping and joints ................ 1221.2 
AMO LIS OMCs anit e advange aM se Penge 1313.2.2 
of lcte lo BP. A eae an, eer ener 212.0, 1211.3, 
1308.5.7.4, 1308.5.7.5 
Mechanical joint.............. 212.0, 1109.7, 1211.5, 
12114.6, 4211.8, 1291.9, 
1211.12, 1211.13, 
1308.5.8.3 
menpipe of tubing-.<.+.5.%7./..89s eae Been 1211.8 
PepAlAPE pipe or tubing’. estes wee ee 1211.9 
Pees MDIDINGIORMIDINGs=4 12.0) st cater GS 1211.10 
Piekrnpe OP tUDING Aaar2 cc oad) ae 1211.5 
PEALE pipe Ortubing £22 25 4o90,0 to: 1211.6 
Plastic piping, joints, and fittings........... 1211.14.2 
PIR IIOIOL UNIO oe il, 5, «sao es BR 1211.11 
Press-Connect, definition .................5. 212.0 
PCP Berne SS ces ws as ee iit2 
SoidSred jON Se ac aa ae a ce es eee 212.0 
Solvent cement 
PUA SUC ONG Oe aia y hyn He ke wie ae ae 1211.2, 1211.12 
Steel pipe or tubing................ 1109.2, 1211.13 
SETAE COMAIMORIN Eee one is ras Fur pein T2112, 1214S 
Various maenals ..'.)....,+<,. «Ot : e eet 1211.14 
ROME or ake ageiwicie crests Ree Gia 4 212.0, 1211.13 
JUMPER, BONDING 
POTION esc desis ake a Aes tes Sa as 2 ee 204.0 
Fuel Oas DIPINg....%... + SOO Boats lees 1311.2 
Bell ght 
KILNS, SMALL CERAMICS .................... 931.0 
KITCHEN HOODS, COMMERCIAL .............. 508.0 
meld ee 
LABELED 
RCN a DAC aad ete ty ca a hem, yn kes 214.0 
LABELS AND INSTRUCTIONS 
FRB SINCOS SI oii << p0iel, «isa mumyrcban se =ya,euny st 307.0 
POmnGatmcd) GDDIENCOS i cys cucecicethe cunrmnaremia 307.0 
Eomayvaronic sysiems........,... dee. 144. Sut. 1204.0 
For refrigerating systems ...............+... 1115.0 
PAROS aii rar, ah ie Bet 6 fs ioe wie» ODD | 508.5.3 
AB IES a saa thse pss») Sous ud sod «sean e 410.0 
LADDERSPERMANENT......cscese.+: > + aie 304.3.1.2 
LEAKS 
AMON cectis'y cciat Js an ereereta hea aime! 1313.4, 1313.5 
LOWER FLAMMABILITY LIMIT (LFL) 
Dperioninaus 1 Nos. po sen): amaitee ky OO 214.0 
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Product conveying ducts .............. 505)15:505.3 
Beingerationte:. --.--.. + -eamotes 1104.4, 1106.2.5.2 
LINE CONTACT INSTALLATION 
SHOU ihn csthaine ao xe aia Palace ais 1 RE 214.0 
LIQUEFIED PETROLEUM GAS (LP-GAS) 
ONAN COG Pie. bie as aos. oS oaas0 <> pen oee plaka 303.71 
Pulomalic COMMOLOGVICES .-. 2s; carpasuae cusuteubinas 306.0 
DQUINUOI spat irre cee ee 2.0 af skecksee. wg ks ss 214.0 
RE SIE GCUINOS io ei. 6 cae aac, ainknesn 214.0, 303.7, 1312.11 
SU MIV ICO Ss ive vens «os. cea Jo we 60 gee oR D 110.4 
SEDDIV COMNMECHONS «mercy nessa tue arene D 101.2, D 106.1 
LISTED 
DG ITMOIE ee anee ee tnt is fc. aig Nee etc urees see hear 214.0 
LISTED AND LISTING 
DSNMUON Sethe tee tree ces OLS I See 214.0 
LISTING AGENCY 
DEARION ION cuca ac aed. Lee Ae 214.0 
LOCATION OF 
Appliances in garages........ 305.1.1, 305.1.2, 905.7 
Appliances subject to 
Mechanicardamage 2c eee. o.. Scan ae 305.1.1 
Boers’ central heating ss. 62 i.2:3 00.) eae 904.1 
Draft hoods and controls ............. 802.12, 905.4 
Evaporative cooling systems................. 933.2 
EOOIMCGICrSH Sa PEPER tices scence: orycs: tay mee 927.1 
Refrigerating equipment ................... 1106.1 
VMI DINOS Me yeieoyhat..tecin vagal a a ae 2 907.2 
LOUVERS etnies tog6e sibs a. Ses cc acs Oe 315.0 
LOUVERS, GRILLES, 
AND SCREENS 7.0)... A es ie 701.10 
LOW-PRESSURE 
HOT-WATER-HEATING BOILER 
DETNIION «65 toa ce tee Tee Oe Pee ee ee 214.0 
LOW-PRESSURE STEAM-HEATING BOILER 
DDS TIOITON cpr pene pewter ayigd PEE ieee aN otek 214.0 
LOW-WATER CUTOFF 22.05 aie ads wees we 1008.0 
-M-—- 
MACHINERY 
DGUNIION oc + > om aie «tte ed ot gah mie 215.0 
MACHINERY ROOM, REFRIGERATION 
Equipment and CONS 19 s.. by. ta cbitene aun beraren 1108.0 
DPOLOCIONS ailC cals 2st G ss upd csed a tsereae 1106.2.2.1 
Tien Ol te eae. ce eee 1106.2.3, 1106.2.4 
VYRIETO TOUUILOG Sette Neo cts eT ta eet eee 1106.0 
MAREUP AIRE oi. Srctt witeatar a ete eee’ (see Air, Makeup) 
PATTING? wae Gat oo 65 wade wee Panes 302.1.1 
MASONRY, CHIMNEYS......... (see Chimney, masonry) 
MATERIALS 
Felt gos he As ene eeepc iether Sih bp bs 302.2 
For construction of 
hodds.nn ecsihideeete is (LA AAR eM ee 508.3 
For piping, containers, and valves of 
refrigeration systems ................005. 1109.1 
BOROUCTS 6) 6, PREP was es oes 506.1, 510.5.1, 602.0 
RR UOLNDING .....:. schepaeeiciolen ain a et 1308.0, D 109.0 
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For piping, tubing 


and fittings hydronics......... 1210.0, Table 1210.1 

For vent connectors........... 802.10.1.1—802.10.1.4 
MECHANICAL 

Combustion air supply............... 701.9, E 502.6 

Extiadst Systems 2222222 8220 eae eee ee oe BOO. 

Ventilating system ........... 402.3, 1106.8, E 502.6, 


E 605.1.2, Table E 502.6 
MECHANICAL EXHAUSTING FOR 


BC OMINS Maes ese tes ccs te te i asi ee E 605.2 
Low-rise residential dwelling.............. E 605.1.3 
PTOGUCT CONVEVINO. 3 airs <5 kx diet) a he aee 505.0 
REMQSGration ogg oe ss a 1105.5.2, 1106.0 
MECHANICAL JOINTS.................... (see Joints 
and connections) 
MECHANICAL PERMIT FEE ......... 104.5, Table 104.5 
MECHANICAL SYSTEMS 
Application to existing).......,...2eQ81). a Ree 102.2 
Inelevator shalt. ............» « . MIRO? Aa ee 305.4 
METAL 
Ghimneys. c4%.4... 204.6 Me ee Cee ee eee 802.5.2 
DUCISS iy setts tr ere pee ee 506.1, 602.3, 603.3 
METER, GAS forte i coet te tee ee 1308.6, D 104.0 
METHODS OF CONSTRUCTION, 
ACIERNATES (= -e ee es tee arene tence 302.2 
MINIMUM REQUIREMENTS 
PULpOS@701 COUG, £5 ie. teh. of orcs cael a eee 101.3 
MINIMUM STANDARDS ....................... 302.1 


MOBILE HOME PARKS 
FUEL GAS EQUIPMENT 


AND INSTALLATION..................... D 101.1 
MOTORS, FANS, AND FILTERS................. 503.0 
MULTIPLE-ZONE SYSTEM..................... 404.0 

= Ne 
NATURAL VENTILATION 

Definition sii 5c. + a0eel ae a db ee ahd ae eee 216.0 

Floor area to be ventilated................. 402.2.1 

Indoor air quality for 

low-rise residential buildings ............. E 605.1 

Indoor air quality for 

residential occupancies ................. 405.1.1 

Location and size openings................ 402.2.2 

Meiigeralorl SYSIGEMS .. i. ahsic.r, tea aes See 1106.3 

OV STO ae ccd. inl tn in ee 402.2, 402.2.1 
NEONATAL INTENSIVE CARE UNITS 

Formula preparation area........ 26. e eens 419.1 

Treatment ArealRoom ...... «+ sannieaaiore: 419.2 
NONCOMBUSTIBLE MATERIAL 

Definition... . to sevisy Dos 22ecinings onigien 216.0 
NON-GREASE DUCTS........0.8 a 00.0ou is 519.4 
NUISANCE 

DO TINEOIIEA oc: sive snsr chioe onion at snes cenh.ne QP gO IR 216.0 
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OCCUPATION CLASSIFICATION 
BRIS b%. ois cos kaa ee ae oot eee 217.0 
ODGROUS:ROOMS. «4 ii gs ciace ne tsasur ns «Ogee 413.0 
OIL BURNING BOILERS............. (see Boiler types, 
oil burning) 
OPENTOP BROILER UNIT .................... 922.0 
OPENINGS 
Air. heaters. ....< 0. » <9 SAO, Ge See eens 914.7 
PETS scisipsiscinss alts siveshanes iat“ adhl’ a5 ae E 502.11 
OTe See as ep Is 5 506.6, 510.1.4, 510.3 
ExnauUSstadintake .. ou sees sa derek 305.3.2, 926.3 
FOr ACCESS 18 BPR. cs. seis liv eee s,s 506.3, 510.1.4, 
514.1.2, 1406.2.1.4 
FON COMPDUSTON, Alf iis oe i oe eee 701.6, C 109.1 
UM COS 35. kun Sy eee ee ee ae 906.8 
Illuminating appliances... ...... siét ee onie 3 924.4 
Ratproofing.)%. 95 F122" eieny 1 ae Be 316.10 
Reliofivd eR. cava dentine TH 914.7 
SCESTIS MITE REMOTE... cs wyetetaton 402.4, 802.1.2 
Ventilation ............ 402.2.1, 402.2.1.1, 402.2.1.2, 
402.2.1.3, 402.2.1.4, 402.2.2, 
402.2.3, 802.1.2, 802.10.3, 
1105.5, 1.1106.6,.6,.605.1.1 
OUTDOOR AIR INTAKES ooo toes ce aes + « « « oneebpelen OG 4072 
OUTDOOR AIR RATE 
CAC os patter lass. bs: <c Appendix H 
OUTLETS 
Appliance flue ocak ase sa 203.0, 802.10.5, 803.1.1 
LAMOOEL rari ea. eta oe 802.10.2.1, 802.10.5, 803. 1.1 
EXMAUS sc s.05 ak Sand bw doce 29d G0 gee eer 508.7 
PU OL Cae ERO irae cae cin sath 1305.25 1306.3 m1atOs10) 


1312.8, 1314.4 
OVER PRESSURE PROTECTION 


PALO a III wy ce alam Bi, x aed Be ote 1308.7.1, 1310.6.1 
OVERHEAD HEATERS 
Ir) GArAGeS Bei a osc aig ace Se 926.4 
so) Pen 
PENALTIES aia. 2... ait, J08 eon, Or 106.2, 106.3 
PERMISSIBLE EXPOSURE 
LIMIT (PEL) 
Definition... .. sl) ss 66 dayne ys 0 ee 218.0 
PERMITS 
ADDIIGAHON ae sk 5 kek as agen ee ea eee 103.3, 104.3, 
302.3.1, 1402.0 
Construchon GOcum@eNntS 02. ae 4.) anieen es 104.3.1 
EXOMDE<c ca Gare cs Cana A eeitc tte eee ee 104.2 
EXOIGUON 2. con «kee SOR ee ee ee 104.4.3 
OCS Stet cc a ae oe ae eae ee 104.5, Table 104.5 
FOr aNeTaUOM. . s+ ccc tt eithe. sehen tee eee 104.1 
secon... sos te tea eee eee eee 105.0 
VESTIGATION f6GS".*. 3s Git. Whi ences ee ee 104.5.2 
PeSUANCe. ne PEL eI ae? ROA ee 104.4 
Mechanical systems'’s i Joi re fae ee ee oes oe 104.0 
Retention of'plans -ii isla ee ee ee 104.4.6 
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Suspension or revocation of................ 104.4.5 
To operate boiler or 
pressufe VeSSer i fiiics ca dP OREO 1013.2 
Walkty \<s CRRA SL AR Le ete BE 104.4.2 
WON WIHNOUR. a oe ee AE 104.5.1 
PERMITS AND INSPECTIONS............ 104.0, 105.0, 
302.3.1, 302.3.6 
PHARMACIES 505.12 
PHARMACEUTICAL COMPOUND EXHAUST 
BISCHAAGE tanta. nl aentiecd acti neesai toyed ssc OD 5077 
PILOT 
Bones! .O.2t&.....)... 1006.1, 1007.1, C 106.0, C 107.0 
POUINUOUS, CONNINOU: Ji... peu es ace soups oe Mien 205.0 
MIO NINUOU eS coin k pee Fae iets hee oe WO Ee 218.0 
Intermittent, definition....................05. 211.0 
IOTerrUpied, definition .. 5 eee coe s CEM 211.0 
PIPING 
SUELO S's, RS A oN nea 1308.0, 1310.0 
Hangers and supports............... 313.0, 1105.2, 


1109.6, 1210.3, 
1310.3.5, 1310.3.5.1, 
Table 313.3, Table 1310.3.5.1 


HIVGLOMICS AAET BF COEF on. 55s, 1210.0, Table 1210.1 
Wentincation «os... ...4...> edits 1109.10, 1204.0 
Joints and connections................. (see Joints 

and connections) 
RrOIECHOMOLEDG. O.00E on. ntdirep enews 316.0, 1109.4.1, 


1310.1.3, 1310.1.4 
Trenching, excavation, 


BOC ACK ster moe ee eo e's ws « ly 317.0 

WNGOLOMOUN spor mina torus > 1109.5, 1109.5.1, 1310.1.6 
PIPING TYPES 

Pouble-wall ag pcre naepogs Seles Table 803.1.2(1), 


Table 803.1.2(2), 
Table 803.2(1), Table 803.2(2) 


Single-wall metal ............ 802.7, Table 803.1.2(5) 
PLANS 
Approval by Authority 
ISMN MAFISCRCUON So os aug bares ou eg s ebint 104.3 
ETL BTA ih URE eS Rapa Aa kOe dl elena i 104.4.6 
FIVIOWIOGSONG PREP. onc acs sats sss peye ceeded 104.3.2 
PLENUMS 
PAIS BG ole ie as at Ae taal i ia is 601.1 
PED G SIONS 3555 a: 8 bine oe Ape a aioe 603.9 
Gmmustibies Within «ci. :5 Lm pe sceact inhi seteoes 602.2 
DefiNilON A re mista es oo) are ancora de) 218.0 
SIIAGO! Pe Whe aig ce ee 603.13.4, 604.1, 802.3.5, 
903.2.3, 904.2 
Heating and cooling system ........ 605.1, E 503.3.1 
POGUNEY Cress is sch easd opens sos wee. 516.6.3 
Insulation. ............ QMS yTeys sr E 503.4.7.1.1 
SOs i a a eee a he, Gere E 503.4.7.2.1 
MGIBHIANIN Oooo cece cures eee ty oo eee 602.1 
WES UALOON TE 5 a's 0 Fats sb ela ea c's Peres eee 602.3 
Serving type ll,hoods . ...4....5.' movactieg 510.1.7 
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sible) etc tit at Dott 2 oo eA Ee 508.3.5;508:3.5.3; 

508.3.5.3.3, 608.0, 

E 503.4.7.1.1 

Use of under-floor as supply plenum........... 608.0 

Where dampers are required................ 701.12 

PLUMBING CODE 

DTM ret ee reir ca So aaa. PRQIVBD, IP 218.0 
POLYETHYLENE (PE) PIPE OR TUBING 

WOHMINON Ss se SP hhc pear ca Fee PP ee 218.0 

PuCM as Ate Rha y tS ites eee e ss ee 1308.5.4, 


Table 1315.2(19)—Table 1315.2(23), 
Table 1315.2(34)—Table 1315.2(36) 


PIYHOMGS vs cokers est has es ay 1210.0, Table 1210.1 
Joining 
SU ACCUIVOCUCI NG ya eb alvucith eit wlaineetcas (see Joints 


and connections) 
POLYETHYLENE-ALUMINUM-POLYETHYLENE 
(PE-AL-PE) PIPE OR TUBING 


DOT NTOM? MANO a ha bch ARs oop ee pee 218.0 
Ground source loop...... Table F 104.2, Table F 104.3 
HYOPONICS+ ine Se ted ewaess o3 5 1210.0, Table 1210.1 
Joining and connections................ (see Joints 
and connections) 
POLYETHYLENE OF RAISED 
TEMPERATURE (PE-RT) PIPE OR TUBING 
DONITMHONMNS Fo Pre ee arete ne Mee ov oh OE 218.0 
Ground source loops AOR . ese] Table F 104.2, 
Table F 104.3 
FIVCIONIES 82 PROBE Ma 5 os 1210.0, Table 1210.1, 
Table 1220.4.1 
Joining and connections................ (see Joints 
and connections) 
OxXVGCN CIMUSIONT Ss o5 5 bs hr oe te 1210.4 
POLYPROPYLENE (PP) PIPE OR TUBING 
Dennione. ete rer: trrktaaterinsk! tae 218.0 
GROUNGSOUICE OOD 45 2 ee dd 2 ee here ase Table F 104.2, 
Table F 104.3 
VOOM es eich) Des cay ha 95.2 1210.0, Table 1210.1 
Joining and connections................ (see Joints 


and connections) 
POLYVINYL CHLORIDE (PVC) PIPE OR TUBING 


Demition Sain SPP SST eve DATA 218.0 

Ground source loop...... Table F 104.2, Table F 104.3 

RAV OLCH eS Bev canst asters tenseee Sheesetotak> 1210.0, Table 1210.1 
PORTABLE 

eae WE | SoS | ¢ Aa one aR 104.2, 218.0 

Evaporative:cooler::.:..:..2:0220235 0 104.2, 218.0 

FS GXUNGUISNOIS ofc cae ke wee we es 513.2, 513.11 

IGANG -ADDRARCS .44c..c6 Cake d 104.2, 218.0 

Ventilating equipment................. 104.2, 218.0 
POSITIVE DISPLACEMENT COMPRESSOR 

PEVIGEraON “Etre Theres iii liek iit FPP, 1112.2 
POWER BOILER PLANT 

BRONMMOTT.S =. Sree ne Coere eee. See aes 218.0 
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PRESSURE 
Design sdetmitiondawes «2. a. «a0 eee eee 218.0 
Fieidviest, definitiong....... es -< Aa ee 218.0 
Imposing element, definition................. 218.0 
Limiting devices. a: sacks kasen-er- weer 218.0, 904.4, 
927.3, 1111.0, 1308.10.6 
Relief devices ................ 218.0, 904.6, 1112.0, 
1113.0, 1115.4, C 109.1 
RAT KS cate te as thle 0) nities aetume? oa es oe D 113.6.2 
Tebts GORNITION Sac « siae winrs-ate ih wise 218.0 
NOSSO), tute herr aG ere abbalt és & % & 218.0, Chapter 10, 
1113.0, 1117.0 
Vessel, refrigerant ............. 218.0, 1113.0, 1117.0 
PRESSURE-RELIEF VALVE 
DOSNT UOR et pate i nes ee ee, © Ce eee 224.0 
LISCHaIde see wre ee 1005.2, 1112.10, 1112.11, 1206.2 
PIVOrOMOoe: F eee) FS ky ka 1206.0, F 106.8 
Pressure vessels ..............0005 1005.0, 1113.0, 
Refrigeration system... .. 1111.2, 1112.0, 1113.0, 1115.4 
Steam and hot 
water boilers (low pressure) ............... 904.6 
PROTECTION 
FOP! crc tars cseascs sO 506.8, 507.4.3.1, 510.3.7, 
512.3,3, 518.24 9916.2.3, 
516.5, 1108.1, 1406.2.1.4 
OverpressufeGGhit Mil SSIS. eS) 1308.8, 1310.6.1 
RErSONMe a ce oes eased bs «oS, & nw a 301.6 
Piping, materials, and structures .............. 316.0 
PURGE 
DetiniliGn 7-Ghee .o.css tcc cwcse 0. omni 218.0 
OW ORS MME en Codes tte shield AAs ae eek Ao 1313.6 
PROTECTIVE ENVIRONMENT ROOMS ........... 415.0 
Spe 
RADIANT HEATING AND COOLING ............. 1217.0 
RADIANT ROOM HEATER 
DOTINHONE. «fas s dc 2 oe ee fale a ee et oer ete 220.0 
RANGE 
RFOOAITIS CIAL sake wid x ace o wee sd atch dell wede aia es eet een 921.1 
DOMES UC Ss nies ets A aes nr ec an ct? 504.3, 920.0 
OU DURING 5 tata setae ier ewortere tte Peeve teen eee 921.3 
VETITNGLIONY ON <., isc ts og: div Sn Bete CROSS Caer 504.3 
RATPROOFING? | oe 2 OF) lv FO ee oe 316.10 
RECIRCULATING SYSTEMS 
Definition wa. 200 ok PatRh, ol Oe Gee ON 220.0 
EXHAUST APIS Si noses: cece an a: Mee sdctens rivet heist cs Meee eae 516.0 
ADH rs SM a te ee re oe ne ee 516.2.4, 516.2.5 
ISU taro Lae eee: 516.2.2, 516.2.5, 516.2.9 
Ventilation 27 2955 ofS.) eo aimee 403.5 
REFRIGERANTS 
Ariricitial VOR OU oo nen eae 1102.1, 1104.4, 1104.5, 


1106.0, 1106.1.4, 1106.5, 1114.1, 
Table 1102.3, Table E 503.7.1(7) 


AMOUNTOR UGS .....s.8o 35 42s Hole 1104.2 

Applications for human comfort .............. 1104.6 

Azeotrope, definition. .¢... v.04 .n06) Wee 203.0 
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Changing of ........ da taeipesser 6 Sobers 1104.8 
Classitication ofhfse. ATS. sesebod aiaiete: 1103.0 
Goncentration limit. ..,.....4 ...1 460 See 1104.2 
CESSES Ne ns oe ee ae aw deo eee 1109.0 
EMETGENCY PUIGE, ies nce er cun sus SONNE 1106.0 
Flammable .......... SOMES ieee 1104.5 
In institutional occupancies ................. 1104.3 
In nonindustrial occupancies ................ 1104.6 
Parts'in duct8 MAS DAVOS. Ae 1106.9 
RIDING sa ivier titers. avenge tc ae ee 1109.0 
Portvprotection |. a00 seu 2 tacos eee ee Bree 1105.11 
Pressure vessel............... 218.0, 1113.0, 1117.0 
PUPITY ce eee an se win on OID Seer 1104.7 
Mixing Of. Sid pa sh ee a oe ee 1104.7.4 
Méclaimed ". os... ee a a. 2) Oe. 220.0, 1104.7.3 
ROCOVEIGd . fice ea es ORO, 220.0, 1104.7.1 
RECOVElY eter tre tite ie ce hy oe ee oe ee 1101.2 
ROC WWIGGIt aw wea when nlics an oxen wee 220.0, 1104.7.2 
Refrigerant designation, definition ............ 220.0 
FICOINOmnems (Gls: vcc ts = eos eee es eee 1104.0 
Safety classification, definition ............... 220.0 
Slidrageoms! 2 LIL. OUR)... 5... es cw se 1105.12 
Types used............. 1102.3, 1104.7, Table 1102.3 
Zeotropic, definitions. 2202.02: 2722 SOR 228.0 
REFRIGERATION EQUIPMENT 
AGCOSS UMN cos). Sarak Uh Urs pata See ee 1105.3 
GOS Gti cca ae eee 310.6, 903.2.5, 904.7, 905.6 
CE SICO LS BPP 2. oc kets a5 Gee ne ene oat eee Ce 1108.0 
identification... .... «=... Oem orem 1115.0 
Illumination and 
service receptacles ...............00008- 1105.4 
EOCAHOM CLE wae se wok av hones 1104.2, 1105.0 
Refrigeration recovery ..............-..5-+5 1101.2 
Supports and anchorage................... 1105.2 
TESHMONOR - Pes mrimtes ike sk es 1116.0, Table 1116.2 
Valves......... (see Valves, for refrigeration systems) 
REFRIGERATION 
MACHINERY ROOMS........... 220.0, 1106.0, 1115.3 
REFRIGERATION SPACES 
Concentration limit....... 1102.3, 1104.2, Table 1102.3 
[NGUSTialOCCUPANCIOS ......5.'. os <5 supe 1104.4 
Institutional occupancies................... 1104.3 
Nonconnecting spaces................--- 1104.2.2 
Renrigerated Spaces . 2 245.0654 oi h mentee o 1104.4 
Ventilated'spaces a6 feeceex cnc an eae 1104.2.3 
Volume’ calculation 7200 ec: oe «os 1104.2.1 
REFRIGERATION SYSTEM CLASSIFICATION 
CAOTIAULIOT IS. nc tee eons ss ol ab niece ee 220.0 
High-probability systems. ................- 1103.2.1 
Higher flammability refrigerants.............. 1103.3 
Pow-probabilitys..24ts2eehs.t ee eee ee 1103.2.2 
REFRIGERATION SYSTEMS 
ADSOMDHON ew wiedide st eae naar tee smentee 220.0, 307.4 
AppllAaNCeS: «6. cc0ccnens ag fa hs poesia eee 934.0 
FLAG 2 tet heh tel oa 9p A La Oe AO 1105.3, 1105.9 
Classification of. 21. ...4 «SPOOR Bayt Ore 1103.2 
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Condensation......... 310.6, 1105.7, 1105.10, 1109.9 
Containing 
MEZATGOUS MUIGS a 6-0. 6e- i c ca ee ve E 1125.0 
STIOSE. «wu .i occ. ROMER 1105.8, 1105.10 
Discharge piping............ 1112.10, 1112.11, 1114.1 
Duct furnaces used with.................0.. 905.6 
Blecirigal .. oo. ces es eT ee ee 1108.2 
Emergency Shut-off .:. 02.4... x) ome arenes 1108.3 
BlALING AIOVICG, Haas a eg Os» Se a 1114.1-1114.3 
BOD DIODADIEN, 5. names Sie teat cadets alas ae 1103.2.1 
HINSING. GETIRITION reset datos A cure Wisi Bae 210.0 
ATER COMI i ed gh a, Si ae ane Pip vans 1105.1 
QUE a ied eats kn tM ot cals 307.3, 307.4, 1115.3 
Bre IRI AD MY aoe Akai a ali Acoh es 2 ho pal let an 1103.2.2 
POW elle BOG IAION sige tores Gti hae ees. walk: wd wk 214.0 
VE CMMHOLY SOOKE: eet ennai sah re og 220.0, 1106.0, 
1107.0, 1115.3 
Maintenance and operation................. 1118.0 
IMIGCIRAIHGAL, Meter ets eet cen oie eset eye 220.0, 934.3 
Mechanical system, definition................ 220.0 
Mocnanical VONUmauon .... . as. 606 bw pate aos 1107.0 
POmMISoUNGretrs ccc tee bse cle once tree a Table 1104.1 
Pressure-limiting devices ................... 1111.0 
Pressure-relief devices .............. 1112.0, 1112.9, 


Tye1O; 142.41; 
1113.4, 1113.5, 
1115.4, Table 1113.5 


Probability’. 41.90.0011 sae 1103.2, 1103.2.1, 1103.2.2 
Protection from 
mechanical damage ................... 1109.4.1 
PGCIUITEINOLUSHOMNT. O).. «2205... o0escn oe. 0,.2RR 4 1104.0 
Self-contained mechanical 
remigeration systems .........+-. 26.8084 934.3 
Self-contained refrigerators 
PR CO@ OSM cg. ok ee acids woe os IE 934.1 
LEG DONONS is: <<>s taelieoes vende wie Gane genrigtine 934.2 
ORES TION Cl POOMY Semin s ke ty aus als ala 1105.5, 1107.0 
REFRIGERATORS 
ne OEY ie a a eee ee 926.2 
RC OUR OR Ls See cian tie nk 3, ee See 934.1 
HESS LL IE THT ATG sa CN Ce Pa 928.2 
REGULATOR VENT PIPING................ 1308.5.4.1 
REGULATORS 
W281 TESST Ts 9 cape Paloma ages dt Lae AN cert ye aaator te 1009.0 
TENANCE feces 3.2 ote ate ene ot ites as 924.5 
Gas-pressure regulators ..................- 1007.0 
Nearer eens worn ah ee See ate ees 1308.5.4.1 
RISER HEAT PIPE 
Demon rit eedes Needed cere es. OOS ee 220.0 
ROOFTOP TERMINATIONS 
RANIMNGYSM, STEGER SE ERL LEED: 802.5.4, 802.72, 
| 803.1.10, 803.2.20 
REISE Tee PT ie od eb ns ce we + CORB UINRR 511.1.3.1 
RESO IUS SPR SRT. ala al al allel! oe aha wh oe 802.6.1, 802.7.2, 
803.1.10, 803.2.20 
RODOMIPEATERSOG:. cic.) eas cumin 220.0, 916.0 
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ROOM 
bathroonmandlaunarye’....c +s + « OAD: 504.6 
ROU raeraretihs in ordi saratan ess 204.0, 303.2, 1001.2, 1001.4 
QUIDINGNE str cesta Pt Bee tl OO 303.2, 305.1.3 
MPM storage:.<7.4+ Bree She. 5 2 Mer ieeeeere 210.0 
VICIMIIOry netstat chore" .” 1106.0, 1107.0, 1108.0, 1115.3 
Sea ror Ver laliON.%-5 5% Shee cars see eee eee 402.2.2 
RUPTURE MEMBERS ............... 220.0, 1112.10.1, 
1112.13, 1113.3, 1115.4.1 
nites ts 
SEDIMENTARAPS |... 0.06 ee eee es 1310.9.2, 1312.9 
SEEM MSENEMIMOME CN nes Goch ce ea eee us nae eae 906.9 
SELF-CONTAINED YO. was cscs aes cas 221.0, 517.1.2 
SHAFT 
MU EIOURS Seti aaa hse oh vita tents Os dues cake 221.0 
Ruergas pIDING 3.4 vrs “POM awit as ean 1310.3.4 
Refrigeration systems .............. 305.4, 1109.4.1 
Ventiiahon systems «2... ¢sussee cs SUP, E 503.4.6.4 
SHAFT ENCLOSURE 
BeTiNitiON)..«. . sas. «=. geuatewe derserhes Beer tie 221.0 
SHUTOFF 
POM eae errr ae see ae dc oeeit alee atl hae eee 609.0 
nore Se pk helene te 513.4, 513.8, C 102.0, 
Table 1003.2.1 
SMOKE DAMPERS... ....-..% ... 2ooleye te 206.0, 606.0 
SMOKE DETECTORS ..... bow sae 6 OMENS BS 221.0, 609.0 
SNOWMELT SYSTEMS .............. 1220.4, 1220.4.1, 
1217.5.2, Table 1220.4.1 
SOLAR ENERGY SYSTEMS ................... 1502.0. 
SOLID-FUEL 
ONC Sree ee Lee ee ee on ee, Pee te 1002.4 
DUI ap NIANICeS » Afaa se ahat se scr a hs > 902.10 
Chimney, combination 
MAST ANG SONOTUBNi 4 sc sts na nm wera law 802.5.8.2 
OOK DPSIauOis nmr st Me nak a eee ae hues ae 517.0 
PUR ihcetade eeret tin ccs enh cd Sls stews, ahh cet be 904.10 
PMT Tey, or. ot eee is Ps eer ee cca 916.3 
GTI) RMS CPR ali) ines saree Pier ea gl ate ater: ates 801.3 
SPARK ARRESTERS 
ES) (10 i ota rere atta op ee ae a a har ek: 221.0 
Solid-fuel cooking operations ............... BT G 
SPECIFIC APPLIANCES, 
INS TARLALION OF heen i.e ee eee Chapter 9 
STANDARDS 
LRCTINHORY See ey ede oc BE nk Samia w eee wea Sle 221.0 
General sere iesst sac tereereraers is 301.2, 302.1.2 
Fire-extinguishing systems................. 513.2.2 
PUSI'GaS PIPING s 6. es 05s re RAO TTI Ss D 115.1 
PVUIOMeS. Se ES 1203.2, 1207.3, Table 1210.1 
Oil-or liquid-fuel 
burning equipment................. TAGMIRLOS. C 103.0 
Referenced... . WONSUBTERMOS THD. Chapter 17 
Steam and hot water boilers................ 1002.0 
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STATIONARY 
Engine generators... ......- Wake! Os.micee 1602.0 
Guet: Cell PowenPiantos.....6s «canon 221.0, 1601.0 
CABS TEMOMICS os oi os 8s a 1602.0 
STEAM AND HOT-WATER SYSTEMS .............. 319.0 
SUPPORT AND HANGERS .......... 313.0, Table 313.3 
SUSTAINABLE PRACTICES ............... Appendix E 
SWITCHES, ELECTRICAL SUPPLY LINE ....... 903.2.6 
STE 
TANKLESS WATER HEATERS ................. 1203.3 
TERMINATION 
CONTIG VS cat cree Rees ts peste ha ties 802.5.4, 802.5.4.2 
VAC CHIGI tau alr COLICLS s.jciiroricmene cauadae a eee 502.2.1 
Exhaust duct systems, 
commieicial Kiich6n: ces eb Ge ee 510.9, 519.5 
Exhaust 
CuUCTS. Clones Grvor i...008ee ase. - meee meee 504.4 
Reicas VOTES nein cue ae eee, Ce anne ee 802.6, 802.6.1, 
802.7.2, 802.8, 802.8.2 
PIOGUCL CONVEVING CUCIS. ay. catumecteamaat © ote 502.2.2 
Type | hood exhaust system ................. 510.9 
Type Il hood exhaust system ................. 519.5 
TESTING 
Of Doers | WPS. « <5 con epnond hee 1012.1, 1013.0 
Gita! | See Se ecw 602.2 
Of exhaust SYStOMS. 0.6 os oc + ti ace oe eter eed 514.0 
Of FUCIHRGAS PIPING 009. snc sprrsvaan Pee Pate 105.3, 1313.0 
Of;}hood assemblies ......... 2MSTeY2 Tia 508.2 
Of insulating materials .............. 508.3.4, 602.2 
O(louvers .......4..: +. Sees Si5as SiS s2 
Of recirculating systems ........... 516.2227 516x215; 
516.6.4 
Of refrigerating equipment ............ 105.3, 1114.3, 
1116.0 
Of safety, intenockS-anes os «+ Ge, adit es eee 516.6.4 
Required by the Authority 
RAVING JUSSCICHON Jos. 5.2 atte eee ie 302.2.1 
TESTING AGENCY 
DGHAMION Wish a) ae oetehsehe Saudade) Ulises 222.0 
TESTING AND BALANCING..................... 4170 
THERMAL RECOVERY UNIT 
DOfniOnee .,. 2% oc) os curt aon etree tte chal eae 222.0 
TOILETS, GAS FIRED .............. 929.0, Table 802.4 
TYPES OF 
CANES aa ee Oia Ee (see Chimney) 
=) 
UMC 
OnMUOT eee! OP So TO Oe. ee ee te 223.0 
UNCONSTITUTIONAL .........::.<s8 VORA 101.4 
UNDER-FLOOR SPACEY ? bjnnry eee a A 304.4, 608.0 
UNIT HEATER. a2 223.0, 917.0, Table E 503.7.1(5) 
UNSAFE EQUIPMENT .....................05. 102.5 
UNUSUALLY TIGHT CONSTRUCTION 
DSTO ck trois. c0 = oS RY Jee Oe, OU 223.0 
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VALIDITY-OF PERMITS ........2.5.....0.feeien 104.4.2 
VALVE TYPES 

Bleed lines for diaphragm-type .............. 902.16 

Companion or block, definition ............... 224.0 

Pressure.relief . ......5% ie. eee 224.0, 904.6, 

927.3, 1112.0, 

1113.0, 1115.4, C 109.1 

Safety or relief ............. 1005.0, 1009.0, C 109.1 

smu 25.5 258s 904.6, 1006.0, 1308.13, 1310.10.1.1, 

1310.11, 1312.3.1, 1312.3.2, 

1312.5.3, 1312.6, 1406.2.1.5, 

C 109.1, D 103.0, D 104.3, 

D 110.4, D 112.3 

SOD MIRE 2 205 i oo oe eke ale ae ene 224.0, 1112.6 

VALVES 
EGmiUeligas PIDING) fie mae 1308.5.1, 1308.5.7.5, 


1308.11.1, 1308.13, 1309.1, 

1310.3.3.1, 1310.10.1.1, 

1310.11, 1310.14.6, 

1312.3.1, 1312.3.2, 

1312.5.3, 1312.6, 1312.9, 

1313.1.4, 1313.1.5, 

D 103.0, D 104.3, D 110.4, 

D 112.3, D 113.3 

POUR OLORICS OF a+ sxc ee Mech nate oe cul ee 1212.0 
For mobile home parks ....D 103.0, D 104.3, D 110.4, 
D 112.3, D 113.3 


For recreational vehicle park ....... D 103.0, D 104.3, 
D 110542 DS123/7 BR 113.3 
For refrigeration systems ............ 1105.3, 1109.0, 


MIG OF 1112.6, 
1112.9, 1113.6 


VENT 
Appliances not requiring vents .............. 802.2.1 
(OPS Sa een ig x ae ree ne 2 ee 802.7.4(3) 
Clearance, saramaaee. cscs 802.7.3.4, Table 303.10.1, 
Table 802.7.3.3 
Dampersitiod) Hehe i'io5 05 a6 802.13, 802.15, 802.15.1 
DITECL VON Tee AtOURG:. 5, <aiseeceieie aeniibeta cece 802.2.6 
General requirementsSi@n <0... ..5 . 00s ix deel 802.0 
Insuvlation-shield@wiweres «rend ss ays Ges 802.6.1.1 
IMOGIal Re. Sere tot 8 cit et eae eee 802.2.7 
LISTING e See eat ots oe ee ee 802.1 
MothaniCak Univer 20 cat Ate. 802.3.3-802.3.3.5 
Obstruction’of flow 2. .. «ss. ee ee 802.14 
Riasuc piping? 22.5 el tde anes ae ee 802.4.1 
special... . 2... +p aa a ee ee 802.4.3 
TC GIN 9c ats, ig eiak Gacacaiai eine 802.6.1, 802.7.2, 
802.8 
Mall penetration ....5. 0. sss sthnees ae 5 ae 802.8 
VENTUALIICSOR .. 0 saad anawnbAed 802.10.1.1, 802.10.1.2 
VENTIGGAS!E O08. 2.0... nk 224.0, 802.4, 802.6, 802.6.2, 


802.6.2.1, 802.6.2.2 
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VENT, GAS CONNECTORS ........... (see Connectors, 
gas vent) 
VENT DAMPERS «......:.+.+5. OR et (see Dampers) 
VENT SIZING 
Category | appliances ............. 802.6.2.1, 803.0 
MUEMIDIG ADONAICeG 4 tactic wate bay amare as oad 803.2, 
Table 803.2(1)—Table 803.2(9) 
MUIISONY Ss core rete sere an 802.6.3, 802.6.3.2, 
803.2.16 
Single appliance ..... 802.7.4(1)(b), 802.10.2.1, 803.1, 
Table 803.1.2(1)—Table 803. 1.2(6) 
VENTED 
Decorative appliances .......0.0......5 224.0, 911.0, 
Table 802.4, Table 911.2 
Equipment not 
Beat CCE CO) DO ant ante oe lak t oer rte it aac ors, 2 802.2.1 
EN INACOS ct aiarw omy fee es 912.0, E 602.0, Table 911.2, 
Table 1308.4.1 
WVU TURACE tN denice as a © 224.0, 907.1, Table 802.4 
VENTED APPLIANCE CATEGORIES 
Category ier Viton Genes oe A Ahan as 224.0, 701.1.1, 


802.6.2.1, 802.6.3, 802.9.1, 
802.10, 802.10.1.1, 

802.10.3.2, 803.0, 

Appendix G, Table 802.4, 

Table 803.1.2(1)—Table 803. 1.2(4), 
Table 803.2(1)—Table 803.2(4) 


CAISGORVM amen vats eais Sat een heres 224.0, 802.6.2.3, 
802.9, 802.11, Table 802.4 
tO OOK Y Miler cache meee Roaes + a x hin wse wis 224.0, 802.6.2.3, 
802.9.1, Table 802.4 
SSOCON MIM eer rs ects cae Aveta ees 224.0, 802.6.2.3, 
802.9, 802.11, Table 802.4 
VENTIVATED SPACES «2.2 2<es46. chs. enced an 802.2.5 
VENTILATING 
es ee re ee ee, na es Shae s adobe 224.0, 607.0 
BECOME Glad er vei Wers set Greys rac at oe he aS 2 513.4.2, 514.1.2 
PIGOUS Grr ica Sake Cee ner a ao 802.2.4, 802.3.4, 
920.4.2, 922.3 
Kits for use in reirigeralors 2.221. at ies tae ew 928.2 
Portable, equipment, definition ............... 218.0 
VENTILATION 
Almclass and recirculation... 2h. vac as wees ne os 403.9 
MapiiminiGas tet tat. Wace enh yee, 402.3, 405.0 
Mims ZOMG SYSIOMNIS sc oe sora ea an he eats Acata 404.0 
PSE NA Pe ORs aster a & Feet sauce ec nreneebe tet ens 402.2, 402.2.1, 
405.1.1, E 605.1.1 
ETAT NS te eke te oes <tr ee ie oe ron sort ar 802.14 
Perino GaIeOGS o), bs 0 oe ahaa we ve 403.7.1, 403.7.2 
Praeger ee ter! sal catiaG wikis Pantin od 403.0, Table 402.1 
VENTILATORS, HEAT 
(ENERGY) RECOVERY (3.5295 veo. es a ss 210.0, 504.5 
VENTING COLLAR 
DREN FS eee hz ete ai GRMRMER ME Sw (age Sows 6 2 6 0 224.0 
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Exterior masonry chimney.......... Table 803.1.2(6), 
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Table 803.2(8), 
Table 803.2(9) 
Masonry Chimneys 222 seu ee bee Table 803.1.2(3), 
Table 803.1.2(4), 
Table 803.2(3), 
Table 803.2(4) 
Single appliances . . . Table 803.1.2(1)—Table 803. 1.2(6) 
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asbestos cement vent.......... Table 803.1.2(5), 
Table 803.2(5) 
Two or more 
appliances ......... Table 803.2(1)—Table 803.2(9) 
Type B double-wall 
Gas Vernigy ene te ions nate mignicaeatd Table 803.1.2(1), 
Table 803.1.2(2), 
Table 803.2(1), 
Table 803.2(2) 
VIBRATION ISOLATORS ................ 602.5, 1001.5 
VOLUME DAMPERS 
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-W- 
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RUC COLp ron cee emaudeh SaaPace i cat eke aaa is sae, eee Sis 907.0 
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FIOAIOE, CONMINON 227.0 sqnc ee Sees heap ar h ne aes ke 225.0 
OTS EC VATIONS sey ele tei ets ant ake gs cetera) beh ne a 510.9.2 
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DS On sateen ere ed Paectanaatath oe 3 eaties nohday a ee 
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Located in under-floor spaces................ 608.0 
WATER HEATERS 
Accepted standards................ 1203.2, 12073, 
Table 1203.2 
(GGT DallS cee ae Ns a rant: ain 7k eek, dieu’ So's 305.5 
Pal OUTDOSO gto ete ta fe ee leis 1203.2, 12073, 
Table 1203.2 
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BOCOOUNC tart ms ae trae mate 1203.2, Table 1203.2 
MARIKMIGSOM ara Sater Bike ates a/niaca de = ae kia tne & 5 1203.3 
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DD TENON tems corte ti a < ceca wh eed A cap Ls dow 205.0 
POMEL ES Seer ae Am IRF ict @ wu Means WPS ot 212.0, 1211.13 
HOSS VESCOIS Aaa ai wales owe emi ha oe 1003.5 
Welded duct connections ................ 510.5.3.2 
WORKMANSHIP fa cc utradtin ay Oe cnt aia tw sie Bada b's 309.0 
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CALIFORNIA CODE OF REGULATIONS, TITLE 24, PART 4 


HISTORY: 

For prior code history, see the History Note Appendix to the 
California Mechanical Code, 2019 Triennial Edition, effec- 
tive January 1, 2020. 


La 


(BSC 01/21, CEC 03/21, DSA-SS 01/21, HCD 01/21, 
OSHPD 01/21, SFM 01/21) Adoption by reference the 
2021 Uniform Mechanical Code with necessary amend- 
ments to become the 2022 California Mechanical Code, 
and repeal of the 2018 edition of the Uniform Mechan- 
ical Code; effective on January 1, 2023. 
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